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'PREFACE 

With the existeiu* of the exo(^llent luid comprehensive ti'<‘iitises of ore- 
deposits by Beck and Stelzncr-Bergoat it might apix'ar doubtful whether 
a furtlier treattnejit of the same subject was eitlier necessary oi' justified. 
Although the intention of the authors to write a book dealing with tlie useful 
depo.sits exisb'd before the appcuirance of the treatises above-meutioiu'd, 
publication was delayed in order to avoid unproductive re|)etition. Since 
however the works of B('c.k and Steizner-Hergeat bear the (diaracter of 
handbooks with numerous descriptions of so])arate ore-oec,urrences, a woi'k 
does not seem superlluous whicli in text-book form concerns itself in the 
lirst place with tin; general and established results of geological impiiry into 
deposits, wdiile treating the iirdividual occurrences ojdy in so far as they 
serve to illustrate and explain general principles, ft mu.st be added that 
the book we have in view will not be limited to the ore-deposits, but will 
take into consideration tlu^ economically far more important de|)osits of 
coal, salt, and mineral oil, so tha.t all those minerals and rocks which 
come to be mined will be considered. 

Wc arc greatly ind<d)ted to our professional brethren foi' kind assistance 
in the provision of the material necessary for com])leteness and correctness. 

THE AOTlfORS. 
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TRANSLATOU’S PREFACE 


The intention in making tJiis translation was two-fold ; firstly, to school 
myself in the matter of ore-deposition ; and secondly, to place before 
Ih'itish mining engineers and geologists an important work upon this 
subject, in a language, with which, upon the whole, they would be better 
acquainted than with the original flcrman. 

In the first jiart of this intention I feel I have succeeded. With regard 
to the second I trust that the realization will not fall too far short. I 
have endeavoured faithfully to bring out both the fact and the spirit of 
the author’s work, this being of such high standard that the rece))tion 
of a translation must depend largely upon the degree of closeness with 
which the original is approached. 

Only in the choice of English equivalents for (lernian terms has there 
been any exercise of judgment on my jiart. (Considering first the German 
term (hmy, this may be translated either as ‘ lode ’ or ‘ vein.’ Speaking 
generally, in the United Kingdom and British Colonics, the term ‘ lode 
would be used for the larger, more continuous, and more inclusive occurrence, 
while ‘ vein ’ would be exi)ressiv'e of a less important unit, either by reason 
of smaller size, lesser regularity, or non-nietallifero\is charaejer* Lode 
inde(‘d is the equivalent of fiss\ire-vein, than which lywever it is better, 
being essejitially a mbiing term and in that si^ise parallel with the term 
‘ ore.’ ^ 

Speakuig in 1862, H. G. Salmon' said, “ I'shoukUconsider that any 
metalliferous channel of ground with a definite direction and dip might 
properly be called a ‘ lode,’ but the word has received a theoretical meaning 
implying exclusively a mineral deposit between the walls of an original 
fissure.” Within that description, to which I tliinl* the ^reat majority of 


Mining and i^meUing Magazine^ (.Jprmvall, 1802. . 
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mijiers would subscribo, the character of a lode as a tabular depo»it 
in connection with a fissure, is contained. . 

The relation of lode and vein may be illustrated^ by the following . 
extracts. In the editorial of The Mining Magnzine,^ it is stated in reference 
to tlm Esperanza mine in Mexico, “ Mr. If. A. 'I’itcomb expressed the view 
that the branch veins ceased to be pi'oductivo when they j[(:)ined the main 
/ode. . . .” 

In the same editorial ^ when speaking of some deposits in’llhodesia 
it is said, “ All of these may be described as masses of ferruginous shale, 
with pyrit(‘ in seams parallel to tlu' foliation, the entire mass intersected 
by (puirtz veins, and all of it vaiionsly enri(0u'd by gold.” 

Jn the annual report of the com))any, known as the Tasmajiia (lold, 
for the year ejuling September 30, 1912,^ it is stated that “ the main lode 
varied in width from 21 to 7 leet . . . while the branch vein varied from 
n to 4 feet.” 

In describing the Hereozovsk gold de])osit of the Urals, ('. W. I’uj'ington ' 
says, “ The remarkable feature about the gold deposit of Hen'ozovsk is the 
oceurrejice of tin* granite dykes, above referred to. The.se are hxadly 
known as lodes, and ma,v piobably be so called as they are all more or le.ss 
auriferous, although, so far as has been deb'rmined, not in a payable sensi'. 
The <lykes have a north and south direction, and vary in width from 30 
to 150 fe(‘t . . . their length varying from IIIO feet to 3000 feet, along 
which l(‘ngths they have been worked for gold values. It should be made 
clear that the gold values occur in the beresite (the name given to the 
particular granitic rock of thesi- dyki's) only liy virtue of the (piartz veins 
which cro.ss it, and which are workial by a ,seri(‘s of short drifts connected 
liy long adits or cro.ss-cuts running lengthwi.se of the ‘ lodi's ’ or dykes. . . . 
There jrejiiterally thou.sands of the narrow short veins above reftTi'ed to.” 

In the United *3tales would be translated as ‘ vein ’ rather than 
‘ lode.’ The two terms Ifowever are used confusedly in that country as 
the following extracts show. 

W. L. Tovote;' says oi the copper deposits at (Jliftoii-Morenci, Arizona, 

( 

' Mdiulf/ OtitJn'* 1012. |>. 240. 

Ibid., .Iiino 1012, Vol. VI. p. 004 

^ Alislitu-fccl, Ibid., iM-bruitiy lOl.O, \^il. V'JTI. |i. I.“il 

• iUilletin No. W2, Jtipiiary 1014, InsUtiition of Minina and Mutalluiify, Lfmdoii. 

^ ‘Tho ('liftoti-Moiemi District ol Aii/otia,’ Mni. (tnd. Sci. Prcs.'i, l)m;n»ber 10, JOlO, 
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“iVhile the lode-typo of vein ia, at present a dominant factor a’t MfjVenci, 
it is.probably only of local character, limited by two convergiiif; faults. . 
Outside of this bbok the lode system breaks up into a number of fairly 
well-defined fissure-veins. . . 

A. Locke comparing the Veta Madre, Guanjiiato, with tlie Comstock 
Lode 1 says, “ ^ the most genuine meaning of the term the two lodes are 
fissure veins . . . l»)th . . . are cnorinou.s lode-like bodies of mixed quartz 
and rock,*carrying scattered bonanzas.” 

J. R. Fiiday ^ refers indiscriminately to the cop[)(‘r deposits at Lake 
Superior as lodes and veins. He says for instance tluit the “ Calumet 
Lode ... is the single conglomerate vein worked in the district.” The 
other mines he says exploit ‘ amygdaloid lodes.’ 

(.h T. Rice, describing mining practice at the copper dejrosits at Lake 
Sujierior,^ says, “ As considerable trouble has been encountered with some 
of the shafts within 30 feet of the vein, it has been decided that a footwall 
shaft should not be less than (10 feet from the lode.” 

F. L. Ransome, describing the occurrence of the golil-.silver deposits 
at Coldfield, Nevada,' says, “ certain deposits exhibit in part more regu¬ 
larity of form and there is reason to su])pose that at de|)(,hs greater than 
those now reached such a.j)])roaehes to lode-like form may become more 
numerous. But within the mass of rock extending from the surface to a 
depth of COO feet, a mass which includes all the ore-bodies thus far exploited, 
the deposits cannot be called loih's or veins without giving to these words 
unusual meanings, or wdthout a.scribing to tin' mineralized bodies a tabular 
form that they rarely possess.” 

The balance of o])inion in America would also ajipear to be that a 
lode is a fissure-vein, that is, one having a tabular form. 

That^original and proper meaning of the term has how'eve* rocoived 
serious hurt from the necessity to apply a wider meaiting suitable to the 
American law, and esjiecially to that known its ‘ the law of the apex.’ 
In the Smuggler case the jiidgi' stati'd that “A bodjMif mineral or mineral¬ 
bearing rock in the general mass of the mountain, so far as it may continue 
unbroken without interrujition, may be regarded as a*lode, whatever the 
boundaries may be." It is how'ever not generally held to be wise to allow 

^ ‘ Kour PiiiuoHs BistrictH ('(mijtiuvd,' Eng. and Mm. .foiinud, SRptfMiibor !), 1011. 

* ‘Appraisiil of Michij'aii Mincft.,’ Ibid., Id, 535?. 

» Ibid., July 27, 1012, p. 171. 

* U.8. Qeol, iSurveg V.V., No. (>t>, p. 150. 
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tcchrrical flefinitions to follow the necessities of the law, even when tlj^it 
law be of the best. Most Americans however consider that their mining 
law would be the better for revision. Hennen Jennings says,' “ It would 
seem that our stupid apex law which was supposed to be so beneficial to 
the prospector and the poor man has really been a boomerang and struck 
back at them, for people with money are now fearful in the jjiitial stages of a 
mining venture that they may be buying law-suits rather than ore-deposits.” 

Another view of what constitutes a lode is that held by T. A' Ttickard,* 
who says,^ “ Lode comes from the Anglo-Saxon laedan to lead. A seam, 
thread, crevice, discolouration, or mineral arrangement may constitute a 
lode. It is a comprehensive, term for the rock structure or apjx'aranco that 
gives the miner a clue to the presence and ilirection of ore.” Most people 
will however consider a lode to bo something more tangible than a dis¬ 
colouration, a structure, or an appearance. 

Again, if Gantj be translated as ‘vein,’ how is the (Jetman word 
/Idcr to be expressed, the simple meaning of which is ‘ vein ’ ? It is also 
worthy of consideration that ‘ lode ’ is essentially a mining term and the 
equivalent of jihn in French and veta in Spanish ; whereas ‘ vein ’ 
is primarily a physiological and secondarily a geological term, the 
equivalents of which in those two languages are vein and vena 
respectively. 

Reviewing all the.se points it appears that though as a tribute, to the 
prominent position taken by America in the study of ore-de[)Osits the 
nomenclature of that country might bo gracefully and advantag(;ou8ly 
followed, yet in this particular case judgment is best exercised by a return 
to the original conception of the term lode, namely, an ore-deposit 
of tabular shape occurring along a fissure or other line of disturbance. 

When a vein, that is the filling betw(X!n the two walls o^a simple 
fracture, fulfds these conditions, it becomes a lode, such veins forming 
the greatest single class ftf lodes. But where the, deposit consists of an 
assembly of veins, with or without im])regnation or replacement of the 
intervening rock,«a ‘ composite lode, ’ is formed. 

Similarly, when a dyke is metalliferous and a fitting subject for mimng 
operations it becomes a lode, though for the purposes of distinction such a 
deposit may be spokim of as an ‘ intrusive ’ or ‘ differentiated ’ lode. 


* Miii. Si-), rresfi, January 3, lOM, |). 12. 

^ M^nnKj Ma<jazine, May 1912, p. 324, 
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•^Zementalionzone I have translated as ‘ cementation zone' in 
preference to ‘ secondary cnricliraent zone,’ because the particular zone 
■is not one which h^r all ores is synonymous with enrichment. Further, 
‘cementatioii’ is the term used by van Hise,* and by its use the three terms 
‘ oxidation,’ ‘ cementation,’ and ‘ primary,’ remain the same in English 
as in Cernian. ^ 

Sei’fen I have ttanslated aj ‘ eravcl-deposits.’ The eroup includes 
alluvial as well as eluvial deposits. 'I’lie term ‘ gravel-deposit ’ is better 
than ‘ placer,’ because in itself it is more descriptive of the nature of such 
deposits ; moreover ‘ placer ’ is not much used in the United Kingdom 
or the llritish Colonies. To translate Seifen as ‘ detrital deposits ’ 
would have brougl't such beds as the Rand conglomerates within this 
group ; Avhile ‘ fragmentary deposits ’ would have included the breccias 
formed umhuground. 

SdJilbaml, the clayey material often found on the walls of lodes, I 
would translate! as ‘ gouge.’ It is material which can be easily gouged. 

Gnnglotnichirfcr, the contorted slaty material often found in lodes, 
1 have transhited as ‘ flucan.’ 

I acknowledge with ]ileasure the assista))C(' T received from my assistant 
J. C. iS. Whittuck, Stud. I.M.M., in making this trairslation of Vol. I. 

S. J. TRUSCOTT. 


Ijo.mjon, Junr ini I. 


^ ‘ Soniu l*rinci])l('s of ('oiitrollin'.; the Dt'position of It. van llisu, Gcne.'iis 

of Ore-Dcpo-sil.s, A.l.M.M, JIHU. p. 282. 
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The study of till' deposits of tlie useful niiiietals, coiicoriuiiu itself with 
the geological position, the shape, the content, and the genesis of those, 
dejiosits, IS a, bi'aneh of geology. As long as shape and content only were 
considered and the deposit regarded as something inde])endcnt and entirely 
foreign to the enelosing formation, this study was regarded as belonging to 
the art of mining. In distinction to 
this, modern investigation seeks be¬ 
fore alltliingsto determine the deta ils 
of the geological iiosition and the 
genesis of the deposit, of which two 
factors it considers shape and con¬ 
tent arc functions. 

Thedependenceof eachore-oecur- 
rence upon the sum of all its geo¬ 
logical factors may iio gathered from the following cases : 

(a) .lust as Ironi the, molten 
magma of a deep-seated rock 
such as granite, felspar and 
mica may in jiart so|iarato in 
larger aggregates, so b>*differ- 
entiation witl\jn the magma, 
and in places especially suitable 
thereto, heavy - metal com¬ 
pounds originally evenly dis¬ 
tributed may segregate to 
form useful ore-deposits. Such 
magmatic segregations rejire- 
seiit accordingly but portions of rock solidified under special conditions. 
This case is indicated in Figs. 1 and 2. • 

(h) The water which rising from dc))t:h along fissures reaches the 
surface as hot springs almost without exception Contains minerdl matter. 

VOL. I li 



Fit;. '1. Skftfli, Nt'nifwliiit (lid.nifiniin.Ttir, o! tin* <''■ 
I’mrfiKc ill 'I'iilit.'ij' ill Swcili.'ii, siituviiig llic I'h'H 

olivnu'-lijjifuh* 111 tilt' iifTiplu-iiil poitions ol ilu: <ru|> 
tivo iiifis., t'> niiignetiti'-Dliviiiite in the ci'iilinl 

j. (u-n!, isnii. p. 7. 
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If this iriatter include heavy-metal compounds such as in consequence of 
particular chemical and physical conditions become precipitated within 
these fissures, then lodes or metalliferous veins are formed which naturally 
agree in shape and extension with the fissures. Lodes accordingly are 
only special cases of fissure filling. This case is illustrated in Fig. fi. 



* Kni. 'J.—'I'lic (H)i-rliai/ mctallil'loiis (issine-iystfin. 


(e) [f .sea-water locally contain heavy-metal com))OU]ids, then simul- 
taneou.sly with the formation of marine sediments ore may be deposited 
to such an extent that a metalliferous bed is formed, which in so far as its 
origin is concernedKloes not differ e.ssentially from normal sediraenta. In 
relation to form both are subject to <^ho same laws, and the ore-deposit 
represent^ but a special hud chemically-differing section of the otherwise 
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non-mctalliferoiis deposit. This 
case is illustrated in h'iff. 4. 

(d) River terraces consi.st 
of fragments crod(Hl fro}n the 
valley slo])es and ueif.;hbouring 
plateaus, carried down-stream, 
and there sprea(f out,in regular 
order. In.general they do not 
contain any useful mineral de¬ 
posit. Should however the rock 
eroded have contained for 
instance a gold or a tin lode, 
this likewise would have sullered 
de.struction, and its fragineuts 
would have been arranged by 
water among the otluu's in the 
teaches below, when should the 
ore content of such fragments 
be high enough the deposit is 
termed an ore-gravel. It would 
diHer neither in form nor origin 
from the ordinary dejiosit of 
fragments, and would buti-epre- 
sent a piution di.stinguished by 
its metal content. This case, is 
illustrated in h'ig. .b. 

Similarlv every dejiosit 
brings wdth it the evidence 
trhat it is no indi'jiendent and 
.sejiarate mass, but that it is 
very closely related to the 
geological formations enclosing 
it. The sum of the rela¬ 
tions of an ore-deposit to the 
country in which it lies con¬ 
stitutes its ‘ geological ))Osi- 
tion.’ The recognition of this 
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important factor is an achieve- l.—I'jnnc Uau.l fr.mi ilic Wav'ati-or.iiul, 

^ ,.11 111 slKiu-uifi i\\ri 1 o luvos, liiilil in i‘oloiii, Mitli qiijiitzite 

nient oi the last decade, dur- layin-, itirl. m I'Dlmii, iiiecLiiupo''gioiiiit iIk-spIiim'is 

ing which, as will be seen in 'iiii'Mii;; ..nh .innntitatmif, Vmi. /,a. /'. p,ati. 

” ’ . (W, iiHjs, p ’.nil. 

the sjiecial section dealing 

with the classification of ore-deposits, it has gracfually become prominent. 
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III addition to the scientific interest which the investigation of the 
geological position of an orc-dc})osit offers, it possesses also the greatest 
technical and economic significance for the miner. Disregard for this 



Por|)liyi- 'I'fiilil/ fit.imif* SilmtiPtl Tm 

ific ♦'luait/- with Hat poi'pliyi- jioiphyiy tin 
giniiit*- porphtiy tin itic iiii- Indcs 

« ’ loiif' nianittf. {ii<-nriinpil 

with I III III !■. 

Sfiil.-, I -lO.OiM). 

K|(;. r>.—I’iic relation of tin jriaM'Is Ui tlif priinary UepoMN iitid to tin' iivpi -s^stfiii 
nvs der ijeol. SpczialLuiti- Sarlisriis, .'<rlli'>n Znniinild. 

factor or, in other words, the adoption of the view that ore-deposits are 
separate and independent bodies, may lead to great Io,s.s to those interested 
in mininif, a possibility rendered apjiarcnt by the following examples : 

[a) Where lode fractures cross a complex in which limestone 
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alternates with other rocks, tlie circulatiii}; mineral solutions may not 
only partly dissolve the limestone, but may metasomatieally transform it 
into ore. Since suth a transformation takes place preferably aloii}' the 
beddin{»-])laues and crevices of the limestone the outlines of the ore-bodies 
thus arising are e.\traordinarily iri'egular and apparently subject to no law. 



KlO. 1). Till’ nu't:isoiii:llir h-ail-znii' ilelii>Mts iil'iiuml Aiu’ln-ll slmwillg tlifii oi'cSrivnoi' at llie iuU-r. 
scetidli nt lmu-.timi' aiul li^^iin-s, i-.|«a'ially lOii-ra tlia liim'-toii.' la m l oiitiicl. witli slate. 


As long as such ore-bodies were studied without reference to the country- 
rock or to their genesis, the discovery of further occurrences was left to 
chance. As opposed to this, the recognition of geological position and 
genesis in prospecting and development, causes regard to be paid to the 
close relationship which exists between the distribution and arrangement of 
the ore-bodies on the one side and the disturbances which created channels 
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for tlio solutions on tlic other. When investifjatinjj; such nietasoinatic 
(le|)osits the miner sehooleil in f;eolo<;v will aceordinj^ly determine first of nil 
the disposition of the fnnltiny syshmi and of the line*^ of distnrbnnee, and 
then tJie e.xtensioii of the limestone in which alone the do})osits will occur, 
slate and sandstone not b('iny snsce))tible to this transformation. t\’ith 
x'x tliese fajtoi’S in hand he 

will" look- for ore-bodies 
where fis,sines'and lime- 
l \ " stone intei'sect. Enrther, 

x in placine the boundaries 

\ e \, of his miniiie projiertv he 

will follow the diriwtion 
of the jn'incipal fissures, 
make endeavour to in- 

Xelude as much as possdde 
\ V-. '■ __ of the easily all,erable lime- 

position is illustrated in 
■ |<'j„ 0 

_ (h) Another noteworthy 

d] Hi e.xample is presented in 

.. '‘i;r tlm ease of the auriferous 

yrav.'l-deposits of British 

Fii.-. r, s. -(luM 1.1,1,-, .11 o,„,n .1,1,1 (Uliana. Without haviny 

ll„t„l, (im.u,.. ,ll„.i, ii,„:. 111,- i„o,,.,n.,„ ,ir ,l,.|oi„l j,,,, f,,,„|oyieal 

ilfjKi-'lts liN llfL' ilr.lLf <»l Ilie ^l^)In l,utl'.iu i(/, /■’ll / jniill. _ 

ov„/, uiuii. ]. eit). position of the.se deposits 

the e.xperieuce yaini'd el.se- 
wherc was ajiplied to them. In yeneral, rivers transport the yold and con¬ 
centrate it (low n-sfream. The yreatest dimension of these auriferous river 
deposits thi.'refore nsnallv coincides with the direction of the river. .Mininy 
law takes account of this fact in 'irantiny claims or conce.ssious, which ai'c 
narrow in widtff and have their yreatest e.xtent paralle' to the river. The 
same procedure was followed in British (Uliana, where, sub.seipiently and 
to the ycneral snrpitse, it was found that the lenyth of these deposits was 
not parallel biet transverse to the river. From a more careful study it 
was found that the.se alluvial deposits did not belony to the normal type, 
but resulted from the dray of the detritus down the slope. In comseipience 
of the smaller resistance of the country-rock, the auriferous ipiartz lodes 
stood out upon the slope until liceaiise of their diji they broke and fell, 
the pieces de.scendiny by the surface dray not only to the river but 


ApIllP ri,l\ <ii'M qlBllf/ III' 

• ItmtllllOM <l .ni‘l bnli-, 111 

miili-cofiiTiosi'ii milt 

7, - llitl'i 'in.lit/ ,it Oiiun .iii'l 

(‘i(‘(k. Ilifli'.li (iiimii.i, illii-li.iliiit^ |[i(‘ Ii'iiii.itio 


ilfjiD-'its liN lift' ilr.iLf III the ^l^)In 
<;n.l , 11)1)1). ]. 


uu i( /, /■'ll / jniil /. 


actually ijcross it. By tliis manner of formation also the .strikiny fact is 
explained that the auriferous frayments of these depo.sits, dill'eriny from 
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tliose of ordinary river gravels, are fairly anoulai'. In tliis case; tlie true 
recofTiiitioii of the j^nudo^ical situation not only indicated to the 
washer tin; |)roj)er niethod of working, but sny^^ested also an alteration 
in the mining law. 'Phis occurrence i.s illustrated in Fiy. 8 . 

(c) In the Lower Devonian complex of .Sief'crland, consisting of 
j’raiiwacke and slate, skhu'ite lodes nuich disturbed in strike and dip 



-'I’tii- l.iiilt ,il St.ihllu'ij; iir:u Mnsi'U, illuslj.iliiio tlf'pl titoiifiil. 

I>i aw iibR 1>\ \ nti I ii'iickiiiauD 


occur, amoni; which the Stahlberystock at Miisen is remarkable for its 
width of from 12 to 27 metres. 'I'lns lode was noted for its hirye output 
till towards the east it was suddenly and comjiletely cut otf. At lirst 
this disturbance was reyarded as an ordiuarv fault and the con¬ 
tinuation was souyht mistakimly to the south. When this work met with 
no success it was supposed that the disturbance was older than the lode 
itself and that therefore no continuation at all was to be expected. It 
W'as only last year that, with the help of the yeoloyical Purvey by 
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Boi'iiliardt and Dcnckniann,’ proof was obtained that a fault occurred 
along which the rocks in the hanging-wall had sunk at an angle of 45'’, 
whereby t,he eastwai'd continuation had undergone^ a considerable dis- 
placeiuent to the nortli. Since the lode occurred at the junction of the 
(ledinnian and the Siegeii formations, the direction of displacement 
was made manifest by the geological survey of the surface. After 

proper .recognition of this 
geological position, which is 
illustrated in Fig. 9, the con- ' 
tinuation of the lode was 
found to the north-east. 

((/) T'iarth movements may 
not only cause a dis]ilaoement 
at right angles to the strike, 
but may also bring about a 
re-opening of an already tilled 
fi.ssure in such a manner that 
the new li.ssiire appro.\imat<’ly 
coincides in strike and di[) with 
the original lode. Since such 
fissures within a lode arc otten 
Idled with clav<‘y material they 
are not iufre(|uently taken by 
the miner for lode walls, the 
bouiularies of the lode against 
the country-rock. In case.s of such misunderstanding a |)ortion of the 
ore-body remains undiscovered. Such fals(! walls are illustrated in Fig. 10. 

A knowledge of geological position lead.s however not only to the 
discovery of the e.vten.sion (jf an ore-occurrence but renders also important 
service in other directions. 

'(of A carefnl invc.stigation of the geological features upon the surface 
in the neighbourhood of an ore-deposit discloses not oidy the course of 
the different geological horizons and their ])e,trographical and chemical- 
geological proj)erties, but fixes also the geological structui'e of the country 
together with tjic disturbanci's which may be )(rcscnt. 'I'lio pctrographical 
properties and the geological sti ucturc together render it po.ssible to deter¬ 
mine the lay of the ground-water iiv the district. Since the amount of 
water in a mine has a great bearing upon mining ex])cn8e8, the itweatigation 
of this ground-wat('r may in certain districts be of great importance. The 
lead-zinc lodes at \%dbert south of the Westphalian coalfield represent the 

prolongation to the south-east of the transverse disturbanci's of the Lower 

• • 

' Zei/. d. I>. Off)}, (ips., 11KK>, IVotocol. p. 5)3. 
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Rhinft-Westphalian Coal-measures, which formation in part is notorious for 
the water encountered in it. These lodes cross certain rivers from which 
they appear in part to take the, water, the flow in some of tlie mines of this 
district havin'; been so (considerable, as to have hcd to the cvamtual sto|)pa);e 
of almost all work. This ocolooical position is ilhrstrated in Fig. II. 


(6) Examination of .steeply-inclined deposits has sliowm that with 
many metals a ctiang*' in tine fairly even distribution of original deposition 



* • 

l-'m. 11. -’I'liu VtHuTt .'lOulli n| i1m‘ \Vt‘>l|>liuli;ui ooalticM. 'liow mo the ooiniuctioii 

liriwiTii nh'-.li'|«)s|t^ .'Ili'l l.uilts, the i.re-de|«iOls in tlio e,oe O'lneM-iiliiif; rtjc l■onlHlllntl.m of (lie 
f.inHs ol thill eonlliehh 


may gradually be brought about entirely by the action of the atmosphere ; 
such a migration results in what may be termed ‘ secondary depth-zones. 
The upper portion of a lode to a certain depth may thcrelJy be robbed of 
practically all its heavy metals with the exception of iron, the amount of 
which becomes increased. This zone is termed the ‘ gossan. * The 
heavy inetids previously present are removed in solution to a deeper 
horizon where, after exhaustion of the solvent and of .the oxygen carried 
down by atmospheric water, they become precipitated by the primary 

’ Kiat’nn r Iluf. 





10 


OR H-DE POSITS 


sulphides there present. In this manner, under the ‘ oxidation zone,’ a zone 
of ‘secondary enrichment' or ‘cementation’ i.s formed, which within a 
very small vertical measurement often contains almost all the metal 
formerly evenly distributed over a depth of hundreds of metres whkdi 
have slowly succumbed to the forces of ('rosion. Below this zone again 
comes the ‘ primary zone,’ the metal content of which is generally 
out of all proportion lower than that of the ceipentStion zone. This 
se(pience of zones is illustrated in Fig. 1?. . 

Since the processes of deconijto.sition 
and migration which result in the for¬ 
mation of the gossan and the cementa¬ 
tion zone in a complete section may 
reach to the ground-water h'vel, not 
only is an impoveri.shment of the deposit 
tliere encountered but water ddlic.ulties 
also begin. Early prospecting and de¬ 
velopment work usually takes place 
above the wab'r-level, that, is to say in 
the o.vidation and cementation zones 
when these are |)resent. Under these 
circumstances shoidd the mining 
engineer not fnllv ap|n't'ciate the (dlect 
of secondary variation in dejith he is 
in danger of applying, as often hap])ons, the high content of the enriched 
zone, which at best wdl only hohl to water-level, to a greater depth, 
obtaining thereby an entirely false, conce[it,ion of the rleposit concerned. 
iSince in many cases minerals appear in the cementation zone which are 
characteristic of that zone, a. careful ,study of the nanerals in any occur¬ 
rence should protect the mining engineer from such a false conception. 

The proper understanding of tin! geological position brings forward 
theTefdi'e a number of points which allow an individual consideration of 
each sejiarate •he-occnrrence. 'I'he modern methods of inve.stigation 
con,se<{uently avoid tlm inclination to generalize, which is so damaging to 
mining, and to whkji those especially are prone whose opinion, in conse¬ 
quence of an experience gained m only one district, is one-sided. The 
stateme,nt that all ore-deposits become poorer from the surface is just as 
little justified as one to the contrary. Such generalizations which might 
well bring whole mining districts into discredit would be impossible if each 
depo.sit w'ere regarded as the function of its .special geological jiosition and 
genesis. Natiirallw, in addition to these, twm factors, both shapi; and content 
must receive the same attention as tlie.y did when de,posits were regarded 
in the olcF light. Oidy after the consideration of all four of these factors i.s 
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a proper understanding of an ore-oceurrence possible, and only then do the 
data necessary to the. deterinination of the. l)(‘st system of working appear. 
In the investioation of deposits thmefore the circumstances relating; to 
j;enesis and de])osition are, jiivcn first place, shape and content at the same 
time receivino due consideration. In prospecting, a projjcr imderstandino 
of the f'(!olof;ical j)osition and ffenesis make.s it ])ossiljle not only to follow 
an ore-oceiirrenee but. also to discover other similar deposits, wliile the 
deterniinatfon of shape and consent is necessary for the estimation of 
quantities, as well as for li.xino the proper methods to employ in 
development, mining, and treatment. 
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CLASSIFK'ATION, FORM, AND (JRAPHIC RKFRl^- 
SFNTATION OF OR E-J) EROS ITS 

Deposits are divided into synucnotic and epigenetic deposits aceordinn 
to their relation to the conntry-rock. 

Sj/ngenelir dcpfisils have the sanie origin as the conntry-rock with 
which generally thev are conteinporaneons. They may be eith(>r of 
sedinientary torniation, in which cas(i they are distinguislied by their 
conformity ; or they may be (Maiptive and then dependent npotv the 
solidifying rock from which they liava; resnlted. d’hei'e are ai-cordingly 
two principal groups of syngenetie, deposits, namely : 

1. Magmatif! segregations. 

2. Sedimentary ore-beds. From this group, from long usage rather 

than upon anv real ground, a third is generally made, namely; 

3. Gravel-depoSits. 

Epiqendk dcpomls arc younger than the country-rock, of which in 
general they arc independent, and with which they ari' not usually conform¬ 
able. Such deposits may be divided into four groups, namely : 

1. ('ontact-metamor]iliic deposits. 

2. Cavity-lillmgs. 

3. Metasomatic. depo.sits. 
i. Impregnations. 

Although with fjl the.se groups form may in general b(' only of relatively 
small significajice in the investigation of genesis, it remains however 
an extremely ini])ortant factor i.i prospecting, mining, and treatment. 
Admittedly a number of deposits of widely different genesis may often 
have the same form, as for instance contact-metamorphic and metasomatic 
occurrences, bedded lodes and steep ore-beds, pisolitic or oolitic ores and 
fragmentary deposits, yet in spite of thi.s the form of a deposit is in general 
a function of its genesis. 'J'hus magmatic segregations are generally 
irregular, wdiile sediment’s, in harmony with depi sition from still w'ater, 

1‘2 
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'cnerally exhibit rcg\ilar form ; with lodes and eavity-l’dlinf;s tlie form of 
;he ore-body is dependent npon that of tlie pre-existiuo cavity ; with 
■netasomatic deposits upon the chemical f)ropcrty and tlie extension of 
the country-rock ; and with impregnations upon permeability to wati'r, 
mineral solutions, magmas, or gases. 


l! F()41M ok tjie Synoknktio Dei’Osix.s 
(«) Magmaitv Segregdlions. 


Under magmatic deposits is undei'stood those occurrences which owe 

their origin to .separation within a _, _ _ _ . _ __ 

molten magma, that is to mag- [ 
matic differentiation. .Inst as here ‘ ^ 
and there larger ma,ssos of mica or 
felsparmay separate out of a granite ' 

magma so also may ores, such for ■■ _ 

instance as magnetite, ilmenite, ^ ‘ " *■ ” ^ 

chromite, and pyrrhotitc, so])arate ' ' 

them.selvcs from those eruptive I’l'. is -,M:Lgiii.iii.j.K]iiisit<nitliin,iiii'iii|)iive 

. »• -I • I iiius^. (’liuuinti- m Hi-'tiii.uiil* ni 

rocks wlnclioniuiarily contuiin tnoiii ov-/, j.. lioi. 

as accessory or secondary constitu¬ 
ents. Such a genesis, which is illustrated in Fig. 13, firings with it great 
variety in form and usually an indefinite ontlinc. The segregatoil mass 
mav be either very small as in the case of the 
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diamond and ot platinum, or it may be large as 
with the less valuable compounds of iron, nickel, 
cofiper, etc. 'The ore-bodies are sometimes ir- 
regnlarh' distributed within the consolidated rock, 
in which casi* they are characterized by a gradual 
passage at their borders from ore to normal rock ; 
•sometimes, as illustrated in Fig. U, they oAmr’at 
the contact of fhe ei'iijitive nuiss w’'th the country- 
rock ; or, as illustrated in Fig. Hi, they sometimes 
penetrate the country-rock in^a manner similar to 
dykes, 'riieii- form is therefore in the highest 
degree variable and affords little which may be 
regarded as characteristic. Concentrated in this 
manner are found the diamond ; some native 
metals as jilatinum and nickel-iron : oxidized 
ores such as chromite, titaniferous magnetite. 


ilmenite, magnetite, and specularite; and sulphide ores such as nit kidiferous 
pyrrhotitc, chalcopyritc, and pyrite. With every such deposit the great 
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ORE-DEPOSITl 
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irregularity in form compels the most complete development before any 
reliable estimate of (piantity may be made. Concerning size, some 

(Scandinavian iron deposits of this 
genesis, as for instance those at Kiir- 

-- unavaara and Luoasavaara., contain 

^, tremendous (piantities, and some of 

' the Canadian ni^lcel-fiyrrhotit(Kieposits 

.. '•'•'" "'""i' liate ecpially large dimensions. Often, 

\yitlim an howcvei', small but numerous aggre- 
;! Kates are collected near one another, 
yet presenting on account of their 
irregidar distribution and variation in size great diiliculty to )iro,specting, 
mining, and treatment. 

(h) Seiliineiils or Oro-Bcds. 

The formation of ore-beds takes ]ilaee cither by the mechameai ac¬ 
cumulation of pre-e.xisting ore, or bv chemical preci|)itation cliiellv m still 
water. 'I’hc occurrences which belong to this group are formed therefore 
in the same mannei’ as the other layers with which they are conlormablv 
bedrled, and under normal conditions the old 
mining dermition holds good, that they are 
deposits which are younger than the beds in 
the, foot-wall and older than those in the 
hanging-wall. Ore-beds, as illustrated in Fig. 

17, have therefore a very simple tabular form, 
though as they are but exceptional cases of 
ordinary sediments they are generally of some¬ 
what limited dimen.sions, that is they usually ' 
give out in all directions and possess therefore 
in general a lenticular form. Moreover it is 
noff often that they arc regular in composilion imnn- 
or consist enti*?!!' of ore, more, generally rock 'I'"',"''!'; 

and ore alternate. It also often happens that 

at the con.solidation^of the material and while it was still soft, a concen¬ 
tration of the originally evenly di.stribiited mineral occurred in places 
particularly suited thereto, whereby a layer became formed very similar to 
an impregnated zone. In other cases ore-beds, the so-called detrital 
deposits, have been formed by the concentration and con.solidation of 
fragments of older occurrences. I’liiis beds of linionite are found in the 
Senonian of the Chalk formation at I’eine, the material of which, as 
indicated by the Ammonites found iti the boulders, was derived from 
the Gaulff. 
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There is_no general law applicable to the extensioti of these deposits, 
jigantic occurrences are known, such for instance as the (,'leveland, the 



S 


Minettc, and the Olinton deposits, which cover many square kilonictres 
and even cross the boundaries of large government departments ; on the 
other hand there are some so small that they must be described as’nests. 
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ORE-DEPOSITS 


In all cases however these deposits undoubtedly possess consider¬ 
able economic advantages over those of other groups, not only,m the 
re<Tularity of their occurrence both in strike and dip but also in the homo 
goneity of their composition. Moreover since in consequence of this 
regularity their ore-reserves may be estimated without any great difficu y, 
they are comparatively simple to value and also easy to^mine. 



. (c) Gracel-Deposils. 

Since gravel-deposits also are consequent upon the disintegration of 
depiiits previously existing there is in reality no dilTerence based on the 
general principles of genesis between the.se and ore-beds. Ihe, difler- 
ence coLists entirely in the fact that the latter, m consequence o 
their greater geological age, have become consolidated and covered with 
youngTr-beds while the gravel-deposits, generally only of Quaternary or 
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at tile earliest of Tertiary iioe, remain in j^reater part loose .surfnc'e forma¬ 
tions. 

Acconlinototheirformationtliefiiiviatile and the marine ^ravel-deposits 
must be distinguished from the eluvial. 'Phe material of the former has 
been arranged in position either by river action or by that of the sea, 
during which arrangement a slight chemical enrichment has often taken 
place. On the oyier hand the idiivial deposits are conseipient u|)on 
the disintegration of |»imary deposits chieflv in places where, though 
downjKinrs were, rare, the lighter particles became, removed bv occasional 
*rain and wind, leaving tho.se heavier to settle down and form gradually an 
ore-deposit jiractically in situ. More oft.en howeveu' both classes of gravel- 
deposits are found in close pro.viniity, the eluvial upon the plateaus and 
slojies and the flnviatile occnpving the inimediati' and |iro.\iiiiate river 
courses. This [lositioii is illustrated in Fig. IH. 


DlSTimilANCES OF Till.: SyN'OENF.'ITC DkI'OSITS 

Hy di.sturbances of the sviigeiietic deposits is meant the mimeroiis 
changes in stratigrajihy and displacements in space whiidi the.se depo.sits 
have suffered since their formation. Thi'se are known under the 
tiTins ‘folding,’ ‘ overthrnsting,' ‘faulting,' ‘vertical displacenienfand 
‘ horizontal displacement.' 



, t/' 


1. Faltliiifi nr FUcntion. 

When horizontal |)res.snre acts upon a coinple.vof beds it causes tlie.se to 
become folded into 'anticlines' and ‘.synclines' with Hanks or limbs so much 
the steejier as the pressure was the more intense. Since syngenetic. deposits 
wherever they occur in 
the Geological Record are 
but members of special 
die mi cad composition, 
they have suffered all the 
change,3 to which the 
whole c.omple.x was sub¬ 
ject, though this is natur¬ 
ally more .strikingly the 
case with the tabular 
sodimeiite than with the magmatic segregations. 

The transverse section of an anticline and .syncline is .sometimes gently 
undulating as illustrated in Fig. 19, and sometimes, as when the pressure, 
is^ more intense, zigzag as illustrated in Fig. 2i. In horizontal section 
ianticlines and synclines appear either with the closed outline of a niore or 
' VOL. I c 
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less perfect ellipse as illustrated iu Fig. 20, or they extend in one particular 
direction |)reseuting then the picture of an uud\dating line winding more 
or l(>ss markedly acios.s the line of average strike', the undulations on 
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one side reprc.senting the anticlines, those on the other the synelinea. 
Such a horizontal section i.s .shown in Fig. 21. 

Th^ line which unites the deepe.st points of a syncline is known as the 
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‘ synclinal axis ’; similarly that which is formed by joining the highest 
points of an anticline, is termed the ‘ anticlinal axis.' Those axes, in con¬ 
sequence of the di[i of the Hatiks, are usually found occupying a central 
position along a liiio wliich must be approximately at right angles to the 
direction of the pressure. The 
courses of these axes are especi al ly 
important, since they are but 
rarely the simple liorizontal line 
of a closed syncline or the simple 
inclined line of an open one. 

Far more often they are bent 
and re-bent to conform with 
the smaller anticlines and syu- 
clines which build up the larger 
occurrences. This formation of 
smaller mendjcrs is not only 
found along the axes but occurs 
also at right angles to them. It 
is not always the ca.se that the 
anticlinal or synclinal flanks are 
even planes with regular di[i; 
generally the process of folding 
has so worked that each syncline 
shows in its transverse section 
a nundjer of secondary anticlines 
and each anticline a number of 
secondary syiu^lines. 

The anticlines and synclincs 
produced by folding are ex- 
irressed upon the. surface as 
differences in level, which 
differences, disintegration, and 
erosion are ever working to 
remove. The crests of the 
anticlines are the first to go, 
and then along the central ridge 
, older bods appear flanked on 

either side by successively younger beds. The portion of the anti¬ 
cline thus removed is known as the ‘ air-anticline.’ In the first stage 
of folding the two flanks of anticline, and syncliue incline towards one 
mother as illustrated in Fig. 19. With more intense folding it often 
L.iiappen3 that they are overturned both then incluiing in the same ditcction 
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as illustrated in Fi}>. 22 ; the Rammelsber" (lejiosit at floslar for instance 
lies in such an overturned anticline. Whi'e with normal folding; each bed 
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is followed in the hanfj;in}'-wall by one which is yonn<;er, with overturned 
beds the rever.se is the case. The more inten.se, the folding the clo.ser are 
the limbs of anticline and syncline broufjht together. 
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Should in foldin'; the limit of elii.sticity he passed a fracture of the beds 
takes [)lace in consequence of the extreme strain to wliich one of the syn¬ 
clinal limbs is subjected ; then alone this fracture, as a furth(>r ellect of 
fol'lin;;, older beds,are thrust over youneiu' beds in the direction of the 
pressure. Such dislocations which ai-e especially connected with anticlines, 
are called ‘fold-faults’ or ‘overthrusts.’ Their formation is illustrated in 
’Fig. 23. In their neiehbourh'wd and in con.seqneni-eof the manner in which 
they wi'i’e formed, the beds concermsl are drawn out and have not their 
normal thickne.ss. It is also charactt'ristic of this form of disturbance 
that seldom does a simple fissnr(‘ result but eeneraliv a whole, yroup, 
and a zone of di.sturbancc aiises wliich may in cases have a width of 5b0 m. 
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or more. These disturbed zones, one of which is illustrated in Fie, 21, 
consist in eeneral of rock material most intenselv contorted and crushed, 
in which larger fragments of the neighbouring beds and piwhaps also of an 
ore-depo.sit occuV irregularly beddi'd. 'I’hev are generally crossi'd in all 
ilirections by narrow veins filled with si'cniularv minerals. 

fn conseipience of the fact that an ovcrthru.st is the end result of 
inten.se plication there is often no sharj) boundary between*the di.stiirbed 
zone along which the thrust has taken place and the bcils whose, structure 
has remained undi.sturbed, but generally, and especiaH^v in the hanging- 
wall of tiu' thrust-]dane, I,here occurs a, gradual passage from the crushed 
material to the condition of normal di'po.sition. It i.s also cliaract''ri.stic, 
of this form of dislocation that in the hanging-wall of the disturbed zone 
the beds are older than those immediately opjiosite to them in the foot-wall. 
While, however in the case of overturned folds the beds follow' one another 
n unbroken seipience, even though this be reversi'd, in the case of an over- 
dirust and in consequence of the u|)throw of the older beds, the disturbed 
lone causes a break in the si'quence in that when driving into the fobt-wall 
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successively older beds are met, while towards the hanging-wall the beds 
arc successively younger. In the unravelling of the problems caused by 
such overthrusts the drag of the beds to the thrust-plane, illustrated in 
Fig. 23, gives the miner the direction in which ho .should seek for the severed 
and displaced portion of the deposit. Zimmcrmann's rule however, given 



G''cf Schroe/'in Mmc 



Fk;. ‘jr>. — (</) riaii of an iivpitliniHl in flit* (iollcvsc^fi-ii niim* near n. Kni'flt. 

Eiinnii'rnniji'ii :ir lllolt Witlcn. {!>) Scffuin sliowiiii' tlic ‘Siifaii' ovcitlitiivt m flu- (iraf 
Scli\v«‘rin mine. KnO'cli, Erlaufi’niii'j ‘.n Hlull 

on p. 30, does not hold good in these eases but the reverse reading of that 
rule. From the direction of this drag it may bt' dtd.erminell from whitdi 
side the disturbance is being approached, fliat is wliether from the moved or 
unmoved side. In the unmoved |)ortion the drag of the beds to the thrust- 
plane is directed upwards, while in the displaced portion it is downwards. 
If therefore the overthrust i.s aj)proached from the unmoved side either 
a rise is made in the matciial of the disturbed zojie- a j)roc(!dure which in 
consequence of the weakness of the rock often ])resents great difficulty— 
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or the driv'p is continued horizontally throngh that zone and tin; continua¬ 
tion of the deposit is then soiijjjht upwards in the hanjrin}>-w<all of the thrust- 
plane. If on the other hand the overthru.st is ajiproaclu'd from the displaced 
portion then either the zone itself is followed downwards or it is penetrated 

horizontally and the unmoved ter- 
/ ininal of the deposit is soufiht down- 

wards in the^footAvall. Should,when 
M .seekiiif: within the <listurbance for 
- m the faulted portioti, detached pieces 

of the oi'('-(leposit be found, these 
may be regarded as certain evidence 

. ^ . . that the search is bemy prosecuted 

Fi. ji. jn fli(> ri;;ht diri'ction. 

In [ilan, as dhistrated in Kig. 25, 
an overthrust has the appearance 
of an anticline, one limb of which 
has been comjiletely S(|neezcd out, 
its place bein” taken bv the dis¬ 
turbed zone which runs almost 
parallel to the strike of the country. In con.scipiciicc anv dejiosit there 
occurrin}; would in jilan appear dujilicated. In such ca.ses if the inter- 
venin*!; width becomes less and le.ss until linallv it disajijiears, the two 
portions of the deposit come together and the width of the body becomes 
doubled. This ca.se is illustrated in hiys, 2() and 27. 


Fi'is 'JO. 'jr." Si-ction illu'str.’itini^ 

(>l whUIi Iiv ,tii 


Hoed to Apiorboct 



111 niaiiy cjisps overtlirusts wc/o ahvmiy prc.scnt at a. tiiiu! wJh'h folding 
still continued to develop. ^I’hen, us was |>rov(‘d hv Crennw Ity un extr<'inely 
interesting ca.se in the Westphalian coalfield,* tlie.se ovcrtiiriists also be¬ 
come folded. Since however they generally dip more .stee|)ly than the beds, 
they cut through the.se latter, forming more undulating anticlines and 
‘ ‘ (ilackaiif, 1894 .N'ch ((2-(ir>. 
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synclines than those, but following them so far as tlieir steeper dip per¬ 
mitted. Su(;h an oceurrenec is illustrated in Fig. 28. 

The extent to which beds are displaced by overthriists varies (um.sider- 
ably. On the one hand, even though a wide zone of disturbance occur, the 
di.splacement may amount to only a few centimetre.s, while on the other it 
may amount to many hundreds of metres. Since overthrusts result 
from extreme plft-ation they cannot occur in rock com])l(^xes which are 
undisturbed or lie horizontally ; nifveover it is not always that the nature 
, of a bed will allow it to bend. In such cases foldijig doe.s not occur 
but a shatter('d zone following more or less the strike of the country 
results, which zone, often sid).so(picntly becomes mineralized by solutions 
entering through the numerous resultant fractures. 


The direction in which a thnist-plane 
which produc(‘d it; more rarely it happens 
that, in conse([uence of resistance offered bv 
particular betls, an opjiosing pre.ssure and 
at the same tinie an opposite overthrust 
became produced. In transver.s(^ .section 
then, two divergently-dipping ()verthru.st.s Fe;. s'.t. Tu.i oxritliiuss aiepnis 

1 . 1 •’ I 1 ,• c .i\v;n liuiii un(‘ Rii'itlipi, tin* Diiilioii o| 

appear, betweeji which a large .section of 

'til leiii.iiiiiiiif nil- 

the depo.sit remains in its original position, ni'aci .ii ;i Kirl. 

though on either side it has been up- 

thrown. Such an occurrence is illustrated in Fig. 29. 


dips is towards the pressure 


Fa III/illy. 

Normal laiilting occurs when, after fracturing, the rocks in the 
hanging-wall sink to a lower level. According as the fracture is more or 
less com[»lete so do these rocks follow exclusir'elv the attraction of gravity 
by sinking vertically, as illustrated in Figs. 59, 31, and 32, or they suffer 
in sinking a certain amount of turning around some point along the'coli- 
tiuuation of the fracture where the two portions of the’Vds still hold 
together. It also often occurs that at the fault the beds have become 
turned or dragged in the direction of the faulted porjioii in the manner 
illustrated in h'ig. 33. 

To know exactlv the behaviour of a fault at all points along its strike 
is only possible wliei’c underground workings have completely disclosed 
the, occurrence. This is for instaiici' the case with some of the cobalt lodes 
at 8chwcina which cause a sinking of the Kiipfersrhirfir amounting at 
the most to 10 m. When driving on such a lode it may be seen how at one 
point the Fupjcrsrhicfer gradually and without transverse break sinks, till 
the displacement, at a point approximately half-way along the lode*, reaches 
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the above-mentioned maximum. Beyond this again the sunken portion 
gradually rises till it once more unites, completely and without transverse 
break, with the unmoved portion. This faulting, which is illustrated in 
Figs. 32 and 31, resembles therefore the sinking of a piece of cloth stretched 
horizontally and cut in the middle, when one edge of the cut is weighted. 

It lies in the nature of faulting that faults must be younger than the 
beds in which they occur and older than any movcmenf wliich may have 



laiilt wlu-n tiih Is ajjpH aclii'il Iroin il' liaiigin^-uall suit-. 



Si'ciHui wliiM) the liw|s arp licn/oiitil 

Fin. -11. illiislmtiiii^ t}i<- aj.pln atiini of ZinnOL-nuaii's nilr uln ii thr |,uiU is a|i|ini:iriict| 

• * trom Its I'ool-w.ill Hide. 

* 

taken place along them. The direction in which faults traverse rock- 
complexes varies considerably though it is the case that they oftim cro,ss 
more or less at rigflt angles. In most ca.ses, on account of some oblique¬ 
ness of this ’angle, of the inclination of the beds, or of the sometimes 
incomplete separation along the fracture, there occurs in addition to tlic 
sinking of the beds a lateral displacement so directed that the two 
separated portions remain in plan practically [larallcl. While in trans¬ 
verse section normal faulting presents tlu^ simple picture of a sunknm 
mass, as illu.stratcd in Figs. 30 and 31, in plan it is this lateral displace¬ 
ment wliich as illiKstrated in Eig. .3.b receiver pronounced expression. 
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Faults very seldom occur alouc but iu plicated as well as in levcl-lyiiio 
country they freucrally occur in f;i'oups or systems. In plicated districts 



V, /.it!. I. O'.../ , 18S.S, |). .i. 




Flo. !)l) -- i'lRU '>1 Fctl' it! .1 laiill. 


\- 
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Fill. 31.*- Diagiiiiii III' til.' .Iixpliu'oim.iil nl lli>‘ /I'l/p/.'i'.'.'/o.,/. / In tlu' ."iImU nl Sclnvr.iKi. 

Till) .siiuki'ii ... iiri.jretod iii a ilnUnl lilio ihhI tlic iiuiiioviil iimlwii m a 'In.iig liw' iii>iiii 

!1h' jtl.'iiic ol ii foltalt loiif. 


they usually cro.ss the. beds more or le.ss at rieht anelcs, and, in so tar as the 
movement along them is concerned, are younger than any owrthrusts 
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whicJi may pivsont. TJu; reason for tJiis relative aj;e is probably beeaiisc 
thougli the transverse fissures arose when folding took place, gravity conld 
not come fully into play to produce displacement till the horizontal pressure 
causing folding and overthrusting had come to an end. 

The members of a system of coiitempoi-aneous faults are often parallel, 



though occasionally fissures of quite dillereiit strike and in the same neigh¬ 
bourhood may also be of the same age. It often hapjams that in the same 
fault-system there is among the individual fissures not otdy agreement in 
strike but also in dip. In such ca.ses it at each succeeding fault a similar 
downthrow is produced, ‘ step-faulting ’ results. This faulting which is 
illustratefl in Figs. 30 and 37, is very often found along the margins of 
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tectonic elevations. If two faults dij) tow’ards one another, as indicated 
in Figs. 38 and 3!),the sunken portion between them i.s known as a ‘tectonic 
depression ;' when tlu'y dip away from one another in the manner showm 
in Figs. 10 and 41, the raised portion between them is known as a ‘tectoidc 
elevation.’ ^ 







Vu) 3.S 


Sin l|i/ll 




i’laii 


‘ill. Srctnoi, will) lom/ont.il limlv, .uni [il.m, 


<i| .1 (in t'llll' t|i‘plt'ssiiilt. 



The records of the earth’s gc'ologieal history show that every place 
has not been subject in the same measure to faulting but that a district 
once visited has usually been the oneto suffer again from fresh disturbance at 
later geological periods. The eon.seipienci' is that in one and thesanu' district 
faults of various ages are usually found, these aifecting one another in a 


(Jmltr H. 


2 UoM. 
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manner discussed later when dealiiif; with lodes. In addition, experience 
shows that pre-existing fis.surps may also at times become re-opened 
whereby their total throw is increased. 

Tub Unuavki.mbnt ob Fai'lting. The principle followed in un¬ 
ravelling a fault is presented most simply where a vortical downthrow in the 
hanging-wall of the fault has been the oidy movement. The direction in 
which the sunken portion has moved can then be determined from the 
striatioirs upon the fault-plane these being either vtutical or very nearly so. 
Zimmermann’s rule applies in such a case, this rule being : ‘ ff the , 
fault be approached from the side of its hanging-wall then after it has 
been passed the lode must be sought by going into the hanging-wall, but 
if the approach be from the foot-wall then b(!yond the fault the lode must 
be sought in the foot-wall,’ 

\ 


l u. li VsHumiiig aiiclitic Ilf .iii iitilirliii- 

42, 4^J.--niiisti;itiiif' tlic scairli I.-i thi’ laiillt-'l poitum oi an iiK'liiicd dcjiO'.it at Die siii face 
by assiMiiinc tliat it is citlifp one limb ol a s)iioliiic or one liinl> ot an aiiliclinc 'I’iic dcjmsil is 
Die full black slic.ik, the a-sumed other I'nib is dotted, llm faulted portion soiio|il is hatrliptl. 

Experience, has shown that this rule is far from leading to the. desired 
result in every case because as mentioned above a more or l(«s consider¬ 
able turning of tht( mass takes place as it sinks. Since it is not known 
beforehand whether or not a simple vertical movement only has taken place, 
it is most necessary to determine the direction of the iiiovcment by careful 
olvseisuttion of the striations upon the fault-planes, which striations may 
often be observed to descend not at an angle of 90“ but at some lower angle. 
This it is admable to follow. By subsn<picnt development work, which 
in complicated cases is best undertaken in the fault itself, it may even be 
found that the direction taken by the, striations repeatedly changes, in¬ 
dicating upomthc w'hole a curved downthrows Where dragging or Ihixurc 
occurs along a fault the direction w'hich this takes constitutes a further 
index to the position of the faulted portion of the deposit. 

The unravelment of faulting from a plan often causes more difficulty 
to the beginner than when a transverse, section is available. It is of assist¬ 
ance to regard the deposit as one limb of an anticlin<i or of a syncline, and 
to bear irj mind that while the latter in sinking becomes wider, an anticline 
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becomes narrower. The two diagrams ffiven in Fif!.s. 42 and 43 are thus 
obtained. In ca.ses where several inoveinents have taken place along one 
and the. same fault it is usual to find the striations of the last inoveinent 
only, the direction of which need not necessarily re])resent the composite 
direction of the faulting. 


^ 4. Ver/icril Disyluceitienls. 

'I’hcse break the continuity of a 4eposit along the dip and arise when,by 
the action of horizontal pressure. 

a portion of the beds bounded .. 'ij' -. 

above and below by ffat-lying _- 

fractures becomes severed and Direction Fressure § 
pushed forward together with I 


whatever section of the useful -- -JK. _ 

deposit is enclosed within it.. I 

This position is dlustrated in ' ^ 

Fig. 44. That the several por- ^ n,,..,™, 

tions of a deposit so displaced 

whe.n the disturbance is complex Karfsgiock Mme 

belong to one -and the same c«auS 

original deposit, may be gathered " f 

from the. way the beds are '/fSc 

dragged in the direction of dis- _- y V}_ 

placement. In this direction 4 

the deposit becomes bent and / 

then pinches out, often at a clay «o«_ / _^_ 

[larting in which, until the other 
terminal of the deposit is 

reached, fragments of oi-e an’ -^-- 

found more or less frequently . b, Ai'i'iifl t'fiMf III lilt' K iiNgilifi'k iiKfit*. \Msi of Doftmiincl. 

This other terminal begins, as i-'n. H- '"“i i>”|ii.u'i-iin.nt akmn atp 
,1 ,, , , I •,! i , i*i,i lioii/oiit.‘i! Actt'dl cavt' li\ Kiiim;]!, 

the hrst ended, with but little f^umUnnor-x ^ 

width tliough this (piickly in¬ 
creases till, after bending again, the deposit resumes its normal width 
and standing. In addition to fragments of ore between the two terminals, 
striations upon the plane of movement .serve also as ])ofliters; these 
are either horizontal or are inclined at a low angle. According to the 
dip of that plane the displaced portion of the deposit is more or less 
uplifted or downthrown. 


Karlsg/iick Mine 


C;/tjc«ous /y- 


stf III lilt' K iiNgilifi'k iii'tit', \Msi of lloitmuncl. 


n. -« iiinl D'^iilacomcnt 
li> lioii/oiit.‘i! ca' 

Eildiitt! nw]'.n Elutt hi>/tvii>ii<l* ^ 


tlfo <l4p 
li\ KinMili, 


These vertical displacements differ however from faults proper, which 
owe their effect to their dip, in that with them gravity practically plays no 
part. Displacement is therefore not effected by the sinking of tlie beds 
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in tKe hanoin<;-wall of the fanlt but by movetnent in direct response, to side 
pressure and independent of the dip of tlie plane of movement. Thou<;li 
this be so it may nevertlieless often be observed that where the planes 
of movement liave varyiiiff dips, })articularly those sections are displaced 
which are so bounded as to form wedfies pointing in tlu' direction from wdiich 
the pressure came. This preference is e.xpresscd in Fij;. 4‘lo. Concerning 
age, a further dilTorence between the two classes of,di.sturbance exists 
in the fact that while with normal faulting the fault is older than any move¬ 
ment along it,\vith vertical displacement fracture and movement were often 
eontem])orancous. Where in con.sequence of the dip of the plane of move¬ 
ment the beds in it.s hanging-wall have settled down, there is in plan no 
difference to be distinguished between such vertical displacements and 
normal faults ; in all other cases the respective n'pre.scntations in plan 
arc (piite dilferent. 'I’here is therefore no connection between either th(> 



dip of the fracture or that of tli" d('posit on the one side, and the <lirection 
of displacement on the other. 

Vertical displacements dilfer also from ov'ertlirusts, lir.stly, becau.se 
it is far from true to say (jf them that old(>r beds are always pushed over 
vounger, and secondly, bocau.se of the simple nature of the drag or bend¬ 
ing in the, direction of movement, which bending caimot be mistaken for 
the complicated disturbance which occurs with overthrusts. 

, ,Unr-\vklme>'T. The unravelling of vertical displacements is compara¬ 
tively casv. 'I’he drag of the deposit at the jtlaue of movement indicates 
the directioff in which the disjilaced portion has travelled. Either then 
that plane is followed m the direction indicated till ore-fraginents lead 
to the re-di.scov(1y of the dejiosit, or it is peindrated and work is 
undertaken in the ground beyond. 


.‘). IlorizonUd Litleral DixiilticenK’iilx. 

These di.sturbances to which, in addition to the others mentioned, 
deposits may be subjected, result from the action of a horizontal jiressiirc 
upon a/iomplex which though already traversed by fractiire.s has not yet 
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suffered any material disturbanoe, the effect being that, as illustrated in 
Fig. 45, different sections of the complex arc moved hori!5ontally and 
inde])endently of one another tran.sver.sely to the strike. Such lateral 
di.splacemcntsareeharacterized by horizcnitalstriation.s ii[)on a\'ert-icul jilanc. 
No sinking worth mentioning takes place. The picture presented in plan 
is at first glance quite similar to that of such Twrnuil faulting as wherein 
the appearance of kteral disj)lacement results from sinking in the hanging- 
wall. The diff(‘rence in princijjh! however between the two classt's lies 
in th(! fact that while with normal faulting the direction of the displace¬ 
ment is a function of the dip of the depo.sit and of that of the fault, with 



Kia, -ni. -Coweihli (li'.tailialicr zoiic^ ivitlioiit iiitliu'tici* tlic grllcr.'il Jin.'sltioii of ,a deposit. 
n;iii‘'.i niliio, north of IhntliiniHl. Knisrh, :« lihfK Dorhinnnl. 


lateral di3|)lacement no such coniu'ction exi.sts. 'Phese have little concern 
cither with the di[) of the deposit or with that of the fracture, but are en¬ 
tirely dependent upoti the direction of the pressure. Since fracture fn a 
country never takes place along a narrow and smooth [danc, <Hngular pieces 
of ore torn off from the incqtialitie.s of the original ).‘lane of movement 
may often be found between the two portions of a formerly united deposit. 
Such fragments as these are of service as pointers to the direction of the 
displaced portion. 

Unkaveument. —The unravelling of lateral displacements has] lately 
been of practical importance in 8iegerland. 'I’he country-rock being in 
all cases affected in the same way as the deposits, any particular bed 
easy to recognize on account of its petrographical or palasmtological 
characteristics will naturally be displaced in the same direction as the 
deposit. A careful geological sfirvey of the surface such as would dis- 

n 
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close the extension of this characteristic bed would consequently in most 
cases lead at the same time to the discovery of the lost portion of the 
deposit. 

In addition to the different classes of disturbance mentioned, the 



Scliwai/nib* ('■iiil.icl tiiinciaK ( I iiiiiieiaN 

t M i!Ii <itcs (if II(iti ,iimI w Mil pyi iL|(‘ 
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FiO. 47.—Ore •deposit'' in tlic* c.iiita<l /om* at Si li\\:ii/,i.oil)» i ic in Saxon j . 

/iiiif/ (l‘'r fi't'o/. S/if.i,i(i Ki'rl<\ 

• 

comparatively rare case niu.st also be considered in which, though a dis¬ 
turbed zone of great width may be present, no di.splacement of th(> deposit 
either before or behind the disturbance, i.s )iroduced. Eig. 40 illustrates 
a well-known example of an occurrence of this .sort at the llansa 1. mine, 
near Dortmund. 
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If. Form or thu Ei'jounkttc Deposits 



N 






(tr) (Unildcl-lkposiitH. 

‘Contact-deposits’ are tliosc occiirre?ic<>s vvhicli Iiavo oripinatod vvitliin 
the material of the earth’s crust tJiroiifjh the action of voleatiic marina 
at a hijrli tein])eraUire, especially when this 
maema was under preSsure and its con¬ 
tained i'as('s and fluids had no escape to 
the atmosphere. These dejxrsits are there- 
fVe essentially the products of intrusion. 

The zone thus subjected to metamorphism 
and o} which the outer border kee[).s more 
or less parallel to that of the intrusion, is 
tiu'ined the ‘contact-zone.’ In il the ore- 
depo.sits are usually concentrated in the 
immediate neighbourhood of the intrusive 
or not far from it. Close to the actual con¬ 
tact of this rock with that through which 
it rvas forcial, fragments of the latter are 
often found endiedded with the ore in the 
intrusive. As wdl be stated in the .section 
dealino with the origin of contact-meta- 
morphic deposits, tln>se occui'rences are 
usually the result of the alteration of lime¬ 
stone, sometimes to o.vide and sometimes 
to sulphide ores. 

The above pmnesis postulates that con¬ 
tact-deposits in their form and arraiiftement 
follow the boi'ders of the solidifying intrusive; 
the occurrences are in fact and as illustrated 
in Fifj. -17, often found arraiif^cd around that 
mass in .several alnio.st parallel rows. Since 
however they are at the same time dependent 
upon the chemical properties of the country- 
rock and to such alteration limestone and 
dolomite are jiarticularly favourable, the 
general distribution of these deposits must 
in general follow that of tho.se rocks. This 
position is illustrated in Fig. 48. 

In themselve.s contact ore-bodies exhibit a lenticular or irregtdar 
columnar form. The expression slock so much used in (lormap, and 





4S. • J)ls|»nMtloii t)l the l■on- 
in tlir Haiiat, showing 
tlnor ass<H‘iation with Inm-stiMie 
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of which the ex])re8sion ‘ cliininey ’ appears to he the best equivalent in 

English, refers to ore- 
bodies generaiiy i of 
iri’egnlar outline, which 
have but little length 
though their width is 
relatively great and 
their extension in dc])th 
is considerable. Such 
ore-bodies are illustra¬ 
ted in Eig. '19. Where 
the outline is more 
regular it wall generally 
be found to have taken 
unto itself that of 
the intrusive or that 
of the country - rock. 
SiiHu- with intru¬ 
sion much fracturing of 
necessity occurs, many 
true lodes are found in 



l?S3 liSi) [in] 
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Semper, /dp ■J/h/ci 
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Fio. fiO.- ContAL't oi<‘-<lcjn»sjts oi Kujd’ciia-g m SiKsia, tin* rnjitact l>e«Is la-iiig loiinil 
• iieanT to flip granite, tlie contact lodes lurlliei away 
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close connection with contact-deposits, in the whicli case it is only from 

the character of the minerals they contain that it is possible to determine 

that they are associated with this 

class of deposit. The occurrence of ; ‘ 

such lodes at Kupferborg in Silesia |^j: / 

is illustrated in Fig. .50. Their 

further dcscriptiorf in this work is 

given under the heading of contact- 'S ~ ' 

.deposits. Again, since the contact '' 

processes rcsembh; the mctasoniatic '3' 4i' 

in .so far that it is jiarticularly lime- '? 

■stone and dolomite which become ** , 

altcisid, (s)ntact-doposits show great ^ j 

similarity in form to tho.se rcsultirjg 

from metasomatism. Rctwe<m the 

two classes in those cases also, the 

mineralcontent ])ecomes the decid- ' 

Among contact-deposits there ^ 

are some of very considerable dinien- .’'•'V,, 

sions, as for instance the iron deposits -"_ '"i. _ 

of Klba, the Banat, and the Urals in „ ... 

general howev’er they are small. The nifiits of iiai liju- c oiiiitry.ioik, Nafty.!;;. 
work of prospeciting and following 

them is in all ca..ses rendered considerably lighter by the plainly recognizable 
contact-zone, though on the otlnn- hand the actual winning of the ore 
. and the estimation of the 

■ _ ore - reserves are rendered 

dilficult by reason of the 
general irregularity in out- 

;j!.^yr {!>) Cdiihi-Filliiiys : Lodes 

(Old Vli'tmber-lkjjosits. 

-■ The most important re- 

"" '■ nresentatives of this group 
tie. ;)2. -( om])o,sili'lodi'111 llie si'iiv ol Colla ' i i , mi ^ 

„r Niiiiiii.iiiii. are the lodes, these are 

fissures filled with ore, this 


-VC 


Sim|ik* ■iold lo'lo witlj many Inig- 
riia(‘}i}lf foinitry-iofk, Nagyag. 




-<'ompo.silc Io(U‘ 111 llie • 
or Naimi.iiiii. 


filling being often accoinjianied to a greater or less (>xtent by impregna¬ 
tion. Each ‘sim])lc lode,' as illustrated in Fig. .51, is the tabular filling of a 
fissure, that is of a cavity standing more or less open. In the hanging- 
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wall and in the foot-wall the lode material is generally sharply separated 
from the country-rock. When such a wall is further marked by clayey 


Fid r»3.- -(‘oiiijii»''||i' lode III tlio sollM* <||' Kill'll h. 'rt'llllllilc Imle 111 tlif Kill,111* illstlli t. 
\\'♦'^tenl Aiistr.'ili;i. 




Fii.d D-J, 55. —('(•lll)lo•^lt^‘ loilcs III till- (Jolilcii IIoisi'‘n1iiu* iiiiin*. 
Wf'ti'iii AM''triili;i, ii;uin,i' in r(tn'-<-<inciicr o| ininplclr .sihciticiitioii al 
tin* liiti'l vi'tilli;' ViK-k till* apin aiancf of viiiiplc ludos. Kl ilscli, ^<7/'. 

f (/roL, 1110 5, p. 328. 

material this material is known as ‘ gaii.ge ’ or 
‘ seh'age.’ The width of siinpli! lodes, that is the 
vertical distance between the W'alls, is as a rule 
not more than one or two metres. 

‘Compo.site lodes’ in contradistinction to simple 
lodes, are chiefly formed when after the formation 
of a fissure the hanging-wall bri'aks and its material 
falls into the still unfilled space. The fissure becomes 
then a wide disturbed zone which in the foot-wall is 
often separated from the country-rock by gauge 
resulting from the giinding of the rock surfaces, 
while in the hanging-wall it pa.sses gradually over to undisturbed rock. 
Then in this zone the spaces betw'een the rock fragments become filled with 
ore and gangue deposited from mineral solutions, in such a manner 





CLASSIFICATION, FORM, AND GRAPHIC REPRESENTATIQN 39 

that in a section across the width |)ieccs of ore, more or less large, alternate 
with rock fragments. Such lodes are termed ‘ composite lodes ’ in the 

SS.W., ' 
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Not loss important is a second type of composite lode sugfiested by 
Kniscli,* which consists of a number of small veins between which the 
country-rock is impregnated with ore or metasomatically replaced by 
g<angue. Such a lode is illustrated in Fig. 53. It is often doubtful whether 
such zones owe their formation to tension or to pressure. In all cases 
however they are essentially mineral zones in wliich cavity-filling on account 
of the small cavity-vvHdth has played but a subordinate part though the 
country-rock between is sometimes, so comi)letely silicified that to all 
ap})earances one single and large lode is formed. With this type of com-^ 
posito lode no sharp wall e.xists either in tlu^ foot-wall or in the hanging- 
wall. but on both sides the lode material passes gradually over to 
unaltered country-rock. The economic width is therefore determined by 
the perfection to which mining and treatment have attained, since all 
mineralized material from which a profit may be made is mined. The 



width of such lodes therefore in the cases of long-lived mines gener¬ 
ally increases with advance in treatment and imjn’ovement in com¬ 
munication. Among others, a large nund)er of the telluride lodes of 
Western Australia, illustrated in Figs. 53, 51, and 55, belong to this ty))e. 
Contrary to narrow simple lodes, composite lodes have usually considerable 
width, this reaching sometimes to .50 m. or even to 100 m. The fact that 
with such lode,s no sharp boundary against the c nintrv-rock (>xists, i.s 
naturally a possible source of error when making a. valuation. 

Simple as wll as composite lodes have a ta.l)ular form. In this 
thtwefore they exhibit great similarity to ore-beds, fiom whiidi they 
differ however in that theii extension in all directions is generally smaller 
and in that* they generally cut acro,ss the formation, often as in Fig. .50, 
faulting it, while ore-beds are abeay.s conformably interbedded. Should 
perchance a lode coincide in .strike and dip with the country-rock, as does 
that illustrated in Fig. 57, tlnn-e is then, as far as form is concerned, no 
difference remaining between it and an ore-bed. hlven then how'cver, and 
irrespective of a po.s.sible difference in mineral content, there would remain 

‘ Zcf/ / ptuLi. <U'o!, lOO.'i, p. ;{23 
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the difference tliat tlie lode is youiif'er than the country-rock, while 
under ordinary conditions the ore-bed is younger than its foot-wall and 
older than its hanging-wall. Since fi.ssures have a limit both in strike 
and dip the tabular form of a lode eventually gives way in both these 
directions to a lenticular form as the lode pinches out. It is customary 
to regard as lodes oidy such deposits as fill those fissures whcr(! the. s])ace 
to be filled was mere or less tabular. 

When afissurc crossesbedsofdiffiyent petrographical character,it»sform, 
^and conse(|uently that of the deposit within it,is generally hnmd to undergo 
some modification, in compact sandstone for instance a fracture is usually 
clean ; in soft slate however it more often .splits to form a broken zone in 
which country-rock decidedly preponderates. In readily solulile rocks such 
as limestone or dolomite, a. fissure occasionally enlarges itself by subsequent 
solution of the counf.rv-rock, to form irregularly shaped cavities or 
chambers. Such cavities, in consequence of the numerous fractures and 
bedding-planes which serve as points of attack for the solutions, often 
form a conqilc.x system ; should they then become filled with ore such 
deposits are no longer termed lodes but are described as ‘ chamber 
deposits.’ These appear more or less pipe-like, their length coinciding 
with the extension of the princijial fissure or with that of the bedding- 
planes. Deposits of this class are not infrequently of large, dimension, 
f.hough irregularity in form often renders mining and the estimation of 
quantities very dillicult. 

(c) MeUnfowalic Deposits. 

These deposits ai'e formed onir’ where the country-rock is easily 
dissolved and therefore jirincipally in limestone and dolomite, nm,sse.s of 
which rocks, while maintaining their form, becoming very gradually replaced 
by ore. These deposits are almost, invariably connected with fissures 
and faults, generally containing some ore, which have served as channels 
of access for the mineral solutions. Such a connection is illiistratefi i.i 
Fig. ."iS. W’hile with lodes and chamber - depo.sits t.he...foriii is only 
dependent ujion the original slnijie of the cavity, with metasoiiiatic 
deposits the shape of the mass iiiidergoiiig alteration also plays a part. 
In cases of complete alteration, such a..s is illustrated m Fig. 59, it is the 
shape of this mass which determines that of the deposit. In this 
respect two classes of nietasomatic dejiosits may be differentiated, namely, 
those of manganifcroiis iron and those of lead-zinc. 

At many places on the earth’s mist beds of limestone of w idely differ¬ 
ing age at Bilbao, Cretaceous ; at Kanisdorf, Zechstein ; in Cumberland, 
Carboniferous - have been altered to more or less manganiferoiis iron ore, 
the process of this change being that sideritc first became forinej, from 
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which ill turn liinonito and Iiaunatito rosultod. With deposits of this 
tyjKi the actual lilliuf; of the fissure through which the mineral solutions 
arrived, venerally plays no material part. It often hapjiens, as illustrated 
in Fifr. 59, that an entire limestone bed is completely rejilaced. The 
form of the rnetasomatic maneaniferous iron deposit then com[)letely 
resembles that of an ore-bed. It is however usually the case that complete 
alteration only takPs jilace in the neif;hbourhood of the channels of access, 
receding from which the ainount »of alteration gradually but surely 



Udmmi ^cllmv I’pln t Htowii \i'llu\\ Iron and 

foi 1 Ii^otious l.-n limii'Ui-. iroiisUuii' ilolciiiiil” iloloiinl'* biilltfl 

Illtli'sloilf llIlK'htotlc. lu'<l l(«ips 


Kill. TiH. — Mct.isoiii.ltir lion ili'OOslt- .it Kntii'.loif 111 Tliiii iJiLn'ii, sliowiiio flip ilrjifiiilplice 
ot tlif toiniol ;ui iiip-linl upon lliatol ;i liiiio-'loiir Jifix'lil.i^, Jnhih. ,1. prakf. fpi'L, 

18S8, p. 829. 

diminishes till the iron ore becomes limestone rich in iron, which in its turn 
gives place to unaltered rock. * ’ 

With the lead zinc ores of this class the case is essentraljy different. 
The solutions pregnant with these ores apjiear to have set about f.hc altera¬ 
tion of the limestone less energetically, so that only ii^ ipiite exceptional 
cases has this rock comjiletely disajipeared. Ocnerally the occurrence is one 
of irregular ore-bodies formed, as illustrated in Fig. 00, along tlie bedding- 
and fracture-planes of the limestone, and exhibiting a pipe-hke shape which 
gives to tlioin a certain resemblance to the cavity-fillings described on 
p. 41, with which di'posits they are almost invariably associated. 
Should the alteration be more complete an irregular ore-body arises which, 
in so far as its form is concerned, may possess great similarity to conta.ct- 
metamorphic dejaisits. All gradations in form between the pipe-ljke and 
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the chimney form nro found. Moreover, ii;cn(!rally thoujfh not always, 
there is no sharp separation from the oountry-roek, in consequeuoe of 
which and of their irre<fularity the development of these metasomatic 
dcpo.sits is a work of considei'able difliculty. 

Under especially favourable condition,s metasomatic alteration may 

proceed from one face onh', 
as for instance when lime- 
•stone lies on impervious 
slate. Knowledfje of thq 
fact that metasomatic 
deposits almost without ex¬ 
ception occur in clo.se rela¬ 
tion to ti.ssures, lodes,faults, 
or chamber-de|)osits, is of 
ereat service in establish¬ 
ing the fjeneral connection 
between tin; dilferent and 
usually numerous bodies 
forminji |)art of anycompre- 
hensiv'C occurrene.e. The.se 
bodies arc only found within 
a zone, extending aloii" a 
fissure or break, and their 
occurrence is further limited 
to such rocks as surrender 
to mda.somatii^ alb'ration. 
It is ])articularly at the 
contact of im])erviou.s beds 
with lime.stone that the.se 
deposits are found concre- 
“ated, because there the 
imjiervioiis be<ls dam back 
of a mining property. 



Ki*;. ')0. -Meta-iinii.-iii.- oir Itjlloum;.' pijir-liK 
•lin^piane'^ fMnl (i.ss.m<-s iii liinc'.toNc ,it 

ZfH. J. }unH 1S97, p. 


the mineral solutions. In fixing tlu^ length 
this fact has to b^‘ taken into consideration. 


(il) liiijimiiiiilioiis-. 

When solutions containing heavy metals find their way along fissure,s 
or Ixidding-planes into a bed which, while porous, is not or is only to a .small 
extent soluble, then the pores of that bed may bi'come filled with ore. In 
such a case an ore-deposit eventually ari.ses which in greater part still 
consists of rock material and which therefore, speaking generally, retains 
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the, form of the original bed. In an impregnated zone thus formed tlie, ore 
is younger than the rock. As a rule it diminhshes in amount on both sides 
with distance froni the planes of acce.ss, so that, as illustrated i)] Fig. til, 
a gradual passage from the impregnated zone to the original rock occurs. 
When the bed becomes com¬ 
pletely altered the form of j'jjjjj 

the resul|ting deposit is 
naturally that of a bed :* on 
the other hand with in- 
com|)!ete change it remains 
irregular, in any case tin; 
ore-body u.sually shows its 
greatest thickness along the 
channels of access, on both 
sides of which it passes 
gradually, though along no 
regular line, into normal 
rock. 

To this class of ore- 
deposit,'. I the concretionary 

deposits and fahlbands mav also be considered to belong. Concretionary 
deposits maybe primaiT, that is formed during the original consolidation 
of the rock, or .sccondarv, that is formed after that consolidation. If for 
instance heavy metals be, in solution in a nmd.stone not yet consolidated, 
it often hapjien.s that these do not remain evenlv di.stributed throughout 
the still soft material, but collect at points which on account of special 

chenucal or geological circumstances 
are peculiarly suited for ores to 
crv.stallize out of solution. Thus, 
concretions of clay iiimstone are 
generally found around orgafiio- 
remains, as with the clav ironstone 
kidneys of the Ri lUcip’udes at Le- 
bacb and the clay ^ironstone concre¬ 
tions in the. Coal-measures, this lattei' occurrence being illustrated in Fig. 02. 
(Concretionary deposits may also be formed in clayey sand and irfsandy cla}', 
even long after their deposition, should these become .saturated with solu¬ 
tions from out ol which ores may crystallize. The only necessary condition 
would be, that the beds were not completely impt-rvions. The form of such 
secondary concretionary deposits, which originate also by concentration 
around specially suitable nuclei, is e.xactly the same as the primary ; as 
a rule however they are not so often met. They are illustrated in Flig. (13. 


Fk;. 1)2. .lotistoiji* coiicictions I 

(it t)n' III.-UII MMIJI 111 tile 

jxirlioii Ot Mif Westpli;ili;ili ('iRilticId , tin".! 
(•retions, (.•oiiljiiiMHj^^ lepiesp 

iiRtniie liorizoii. 
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The greatest factor affecting the. form of these deposits is that of the 
bed to whicli their oeeurrcncc is limited. It tlic deposit be primary, tlien the 
concretions art' fonnd eitht'r separtitt' from one anotlutr in a delinite horizon 
of the bell, or so clo.st' together that an almost compact body results, in 

__which case the form of the 

• ■■■•i I'lhiiui deposit, as illustrated in 

/__ j_;■ -y ’ 'J Kig. 01 , practically does not 

^ dilfl’i' from that of an or- 

man dinary ore-bed ; such oeciir- 
rences might even just a.s 
if -well be considereil nniler 

* . ' • P . • . • . . , • . • . . . 4/, ‘ ^ . . * P ^ MiOCCIH' 

• '.’•jy that class. Hecondary con- 

V-'‘t^-cretions on the other hand 
Fk;. iia ijiinoMite coiii-ii-Liinis repn.'.i-iitiiii; (ifcoiuposml aac gcnt'tallv iiH'gidaily dis- 

Mtleritf of .sfcoinluiN loi iiiiitioii in j^hiiioomtp iiiatl .atiil tTjbutOtl 111 tllOU' bi'il. 

Miun-JH- •jlaikojiitt.- saiitl. Mould • s.iinl oiiaiiv utM ol <• in 1 i - , 

Lui^'eii on tlif n\('i Kiii''. * b(‘ lUfllbjUld.S WJlK'll IllJlV 

also be considered here, are 
not all of one origin. Petrographically they are crv.stalline rocks in 
which particles, crystals, or ne.sts of chalcojivrite, jiyrite, or pyrrhotite, 
occur to such an extent that the rock, esitecially in its weathered contli- 
tion, is distinguished from those surrounding it bv its brown colour. 
Formerly the term ‘fahlband the name ari.si's from the failed colour of 
the w'eathered deposit -r-^— 

was limited to those 1 ’ • 

occurrences in which the __j___■ 

pyrite was, as suggested (i,,, 

in Fig. ().'), ostensibly con- 

temjioranoous with the —rr-T~*=rT'Ej;il' iTi»~r~^ ci > 

rock, this rock belonging 'j 

to the crystalline sefet: 

♦BiA with .such a defini- 
tion diirieidtie.s aro.se be- 

• . , I i'.. *1 I - Hi tis til iK.iistiDir (-(till’M't 1.1 IIS 111 I lie daik-t iiloiiii d 

cause magmatic deposits 'muIi . i.ij .a Ah.um m \Vist|iiK.ii i. 

in eruptive rocks, in re¬ 
gard to their petrogra[)hy, agree exactly with typical fahibands, or at least 
in so far a.s* the distribution of their pyritic particles is coneerneil. Later 
investigation has shown that the gene,sis of even those fahibands which 
were regarded as typical is open to dispute, since the rocks wdiich from 
their appearance have so far been regarded as belonging to the crystalline 
schists are more often in fact regional-metamorpliic rocks whose jiyritic 
content first arose during metanior|)hism. It is therefore advi.sable 
when .defining the meaning of the term ‘ fahlband ’ to renounce the 


li a 
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of but small economic importance—is that of the enclosing bed, or 
in other words that of an ore-bed. Passing as they do both in strike and 
dip f'radiially over to 7 'oc'k free from pyrito, the extension of the fahlband 








Ki<;. 


-DiajriJiiii ()1 a 

mel:illi!Vrous lens ainl tin- > 


11k“ U-lutlOll IlcUVcHOl llu‘ 
lldlu 


is less than that of the bed. The rehition between the two is best described 
as that of two lenses, one within tlie other, of which the one inside is 
the fahlband. This po.sitioii is illustrated in Fip. (id. 


Dl.STl'KB.VXt’ES OF THE Ei'joexetic DeI’OSITS 

First amonfi these come those distnrl)ances which have already been 
described under the syngenetic de])osits. In ])articnlar those which aifect 
impregnated and nietasomaticdeposits,or at least the mctasoniatic mangan- 
iferous iron deposits, agree almost completely with the distni'bances of tin; 
syngenetic deposits; folds, overthrusts,faults, vertical displacements,lateral 
displacements, all are found to occur, but folds and faidts most frei|ueiitly. 
Contact deposits and cavity-fillings, in conse(|uence of their form and 
origin, are loss liable to disturbance by folds and overthrnsts, and of the 
three remaining classes of disturbance, faults ai'e with these two classes 
of deposit the most numerous. All that has been said under syngenetic 
deposits concerning the formation, the properties, and the unravelment 
of the different disturbances, holds good here also. To those disturbances 
however another must here be added, namely ‘deflection,’ to which how¬ 
ever lodes only are subject. 

, Lmie DejlectionH. 

These disturb a lode along its strike. 'The lode stojis at a fissure or 

at some other obstacle such 
as a difference of rock, after 
crossing; which, as illus¬ 
trated in Figs. (17 and 08, 
it resumes its course again 
though a little out of line. 
The ajipearance of a deflec¬ 
tion in plan is therefore 
similar to that of a true fault, though there exists no regularity in 
the jnanner or direction of this class of dislocation. 'This essential 
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difference between the two classes of disturbance is based upon their 
different geiuais. Deflection results when at the fotination of a lode 

fracture, older fissures or obstacles __ _ 

were already present producinj; i 'V 'x^ r j ii:' 

a aeflection of the youn'rer frae- j | r_j.r|'r"!;; rjV; _■ : 

turo whicli, upon arrivin'; at the T- ' J-. ^ j- 

older disturbance, followed tliis for ' .lii..' 

a longer or shorter distance till at '' , ' ’ ' , 

some favourable point it branched ' i i.m.icuoih'. 

off again into the countiy-rock, .. j-i ! c :■ ^x-|t- 

continuing its course there with. 

approximately the same strike as oi.tn.nie. Zn/.,/. pndf. i 

before. Since the obstacle 

^ causing such a deflection is 

' A V older than the lode this latter 

_ ^ 1 does not actually stop a,t the 

^ \ obstacle, but generally continues 

BPTm ' within it though often much 

■‘*1’''^' ’’P- Deflections are 

- i. \ A ■'|t\ therefore similar to ‘kinks’* 

W > 7 ' '■AWii wherein without apparent cause 

‘* 1 %. ■ » 'm3 displacement in strike is 

. 7 . • Iv il*' . - *■ ■ j , m(4 presented, doubtless brought 

, 'i ; ’I--. • - ''■i about by .some change in the 

7 - effect of the pressure in opera- 

■ Avi ir- ..' WA tion. iSuch a kink is illus- 

. r,. , ' trated in Fig. 09. Since de- 

■7. . ‘.••A*’ ^ 

d'"' '»■’ 7 d; ■ flections arc due to differences 

‘ ‘‘ ' . in the cohesioji of the rocks 

' h",'■ enclosing the fissure, the direc- 

'j tion in which a lode beconTes 

• s ' j . . deflected is not de]icndent upon 

■' ‘^4 , 'll its dip or upon that of the 

4 ' \' obstacle. In ^.his fact lies a 
■■ * ^ second e.ssential difference be- 

— ' ■ - * tween deflections ana faults. 

. , , . ' Since no complete cutting 

hlG. ()1). -Kiiilc III ii opfticd pirili* tcin in .1 * ^ 

loilc. I’raii'.iitMiiiic. Fn ibfv^'ilistiii i', Two-iliii'ils offof the lode actually occurs, 

the unravelment of deflections 
is mo.st simple. • The shattered lode is followed in the deflecting obstacle till 
the place is discovered where it again enters the country-rock and resumes 

* II<deih'^rhlaffi\ 


‘ r,' 

:>■ 
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Kid. (51). -Kiiilc III ii Dpfticd pirili* tcin m 

lixle. Traui'ittt loilo. Kii'iln'r^Mlistiid. 'rwo-llnit 
iiatiiiiil .si/i‘. 
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its previous strike. Again since, as will be stated later in the chapter 
upon mineral formation, the deposition of ore is in part dependent upon 
the physical properties of the country-rock and in cases of deflection the 
material of the pre-existing obstacle differs essentially from the country- 
rock, it is usual to find that jxu’tion of the lode within this material different 
from the lode in the principal part of its course. 


(Jrai'iiic Repre.sknt.^tion or DEi'osri'.s 

A clear presentation of the form of a dejiosit can oidy bo furnished by 
the most com[>leto graf)hic representation, and the miner therefore 
from the beginning has called to his .service the art of surveying. The 
dift'erent survey plans which come in question are 

1. The. ground plan, that is the pi'ojection of .all the working.s upon a 

horizontal plane. 

2. The longitudinal plan, that i.s I he proji'ction of all the workings iqion 

a vertiial plane parallel to the strike, 

3. The stuping jrlan, that is the presentation of lho.se winkings situated 

upon the plane of the general strike and dq). 

4. Sections :— 

(rt) Transverse sections, made at right angles (o the si like and at 
ditl'erent points. 

(h) Longitudinal sections, made jiarallel to the lode and at 
ditl'erent points. 

Of these drawing,s, the ground plan which may be looked upon as 
the sum of the horizontal sections at the dilferent levad.s, the transver.se 
sections, and the stojiing plan, are especially intiiortant and indispensable. 
With regard to the first, on account of the multiplicity of the workings, it 
is generally better to keep siqiarate drawings for etich h'vel. Drawings 
* in* which lengths or heights become too much foreshortened are not to be 
recommeiyled and had better be avoided. Mine plans ujxm which all the 
levels are put together usu.ally give only a general view of the extent of 
the W'orkings, aijd when the number of levels is large, such plans are no 
longer able to jircscnt a clear picture of the, geological circumstance,s 
of the deqto.sit. The ore-bodies, the variations in country-rock, the dis¬ 
turbances, and the water-coursr.s, should always be clearly indicated on 
mine plans, nor should the geological survey ol the surface be. omitted. 

In many di.stricts it has become the rule, by means of a number of 
vertical and horizontal sections at regular di,stances apart, to recon.striiet 
the form of the deposit on a reduced and convenient scale. W. Retersson 
in 1896, for instance, represented the deposit of the Nordmarks mine, 
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Norbcrg, by means of a number of such horizontal sections which he 
attached as an atlas to his description and which when arranged one over 
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another give an exc(d!ent idea of tlui deposit both in vertical and horizontal 
relation. These sections are illustrated in Figs. 7(1 72. In Western 
Austftilia also, mining engineers are aemistoiiK'd to give vertical sections 
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through tlieir auriferotis deposits at distances of ]00 feet apart, in addition 
to the more usual horizontal sections. Siicli vertical se(!tions in the ease 
of the Oolden Horseshoe mine ar(^ illustrated in Pins. 73-78. From such 
iiraphic representations models of the de])osits cun at once, be mad(‘, or if 
the drawings bo transfernxl to glass jdates arranged in order and to scale, ^ 
the most perfect pictun^ is obtained. 

Carefully kept })lans however do not only give all the ne(;essary in¬ 
formation concerning the behavioiii' of the ore-body in strike and in dij), 
but also contain data connected with the distribution of-the metal content. 
When describing later the method of taking samples it will be explained 
that the assay results should be entered upon the mine jilans at the places 
where the samiiles were taken, because in this way only is it possible to 
recognize the richer parts of the deposit and to kis'p these separate from 



the others. Where by careful sampling, the ‘ ore-shoots,' that is to say the 
richer zoni's, have been defined, work is naturally confined to thi'se if the 
intervening portions of the deposit are unpayable. The stojiing plan in 
sych cases gives all [lossible information concerniug the extent and number 
of the ore-shoots, since development and mining work are almost entirely 
confined to these. If the exhausted areas are ca.refully entered upon the 
ground plan of a mine it is even pos.sible under favourable circumstances 
to be able fronAthe position of these, areas to gather the condition of the 
mine and, the prospects of its immediate future. For instance, Fig. 80 is 
the plan of the Associated Northern Blocks mine, Western Australia, a 
mine which in former years w'as widely known on account of its large outinit 
of rich gold ore. If the position of the stojies ujion this plan lie compared 
with the depth of the levels on wfiich they occur, it will In* seen that in this 
lode, wliich strikes roughly to the north, the ore is not evenly distributed 
but forms one especially rich stioot which pitches to the south, in which 
direction and in depth it passes into the ground of the neighbouring mine. 
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From the continued advance of sto])ing in this direction it was possible 
frofu this plan to foresee when tliis rich ore wotikl come to an end. Since 
in such cases of irregular mining a sudden iiujwverishment in the ore must 
follow, the study of mine j)lans in this connection is of the greatest import¬ 
ance in forming an opinion of any deposit. 

The study of ore-deposits does not however oidy coneei'ii itself with 
the determination of their circunistanees in sjiaco and tlu'ir inateiial con¬ 
stitution, but at the sanTe time it jn-ovides points of tlie greatest assistance 
in the solution of various economic factors among which that of the, ore- 
reserves is the most important. In th(^ correct estimation of l.his factor' 
the detormination of the exhausted area,s is (jf great importance and in 
making this estimate the sloping plan is more useful than all the others. 



Fit;. 82.—Sloping of the No. 8 lotlf, (Jolilpn Iloisesliop iiiiiio, t>]ioAviiig Die 

bctWL'fU tlif oxniiZGil aijtl tlie sulpliule "O-. l!ejKnt of the Company lnr llie v-ai 15)02. 

Carefully managed mines moreover ijidieate upon their |)hins not only 
the e,\'hau.sted areas but, as illusti'ated in Fig. 81, also the areas mined 
each year. From plans so kejrt it is jru.ssible to form some idea of the'lifo 
of a mine. 

Since, generally only those portions of a. deposit which are payable 
are worked, the, stoping plan ujion which the exhaustedyireas are entered 
gives, especially in the cases of those mines which have had a long life, 
a reliable picture of the relation of the payable to the unpayable 
portions. In a projterly managed mine, development and mining are 
systematically undertaken ; deeper levels are regularly advanced and the 
ore, if payable, is mined in practically unbroken sequence from the top 
towards the bottom. If then from a mine ])lan it is seen for instance that 
the ore above the first, second, and third levels had been mined ; that the 
ore over the fourth and fifth levels was still standing; while that oyer the 
































58 


ORE-DEPOSITS 


sixth was being actively worked, it might with certainty be gathered that 
the ore above the fourth and fifth was unpayable. 

Again, since development work under normal circuitistaiu^s advances 
regularly into depth, every succeeding level will at any one time be shorter 



than the one above. If therefore it is seen from a plan that below a 
certain point the levels are appro.dmat(>ly of equal length and without any 
stoping done upon them, it may be taken as certain that the payabk; ore 
has pinched out in depth and that new ore-bodies are being eagerly sought. 
Similarly, mine plans give information concerning the distribution of ore 
along the strike even though no {)roper shoots cxi.st. A stoi)ing plan on 
which nnworked areas are surrounded by stopes, indicates that the dis- 
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tribution of ore iiloni; the strike is irrof'iilar. This is illustrated in Eiffs. 
80 and 81. 

In addition to the detads of stopinj;, plans also usually contain data 
concernin;; the width and the nietal content of the deposit at different 
places. It is beconiini{ more and more tin? custom where the oxidized and , 
sulphide ores are radically dill'erent, to mark u])on the sto[)inp |ilan the 
boundary between these two zones, Jiiore particularly as tin' treatment of 
the former is often (juite dift'erei\t to that suitable for the latter. 8uch a line 
of demarcation is indicated in Fie. 82. In those f^old mines where for 
example the gold in the primary zone is associated with tellurium or pyrite 
while that in the oxidized zone is entirely free, it has become the rule 
to indicate upon the jilans the boundary between the two classes of ore. 

In the estimation of the or<‘-re.serves consideration is given to this point, 
and the so-called sulphide ore which reipiires roa.stiug or the upjilicatiou 
of bromo-cyanide, is kept separati' from the oxidized ore for which 
amalgamation and ordinary cyanidation are sulficient. 

In those mining districts where in the develo|)ment of any deposit of 
ore or other mineral extended u.se is made of horizontal and inclined bore¬ 
holes, the mine plans aiui sections show the.si' holes in addition to thi' 
ordinary workings. Since to-day it is pos.silile to drill holes up to 1201) m. 
in length and at any desired angle without apprccialile deflection, a simple 
arrow along the line of the hole suHlces to indicate such a hole, if, on account 
of the foreshortening which occurs in most ])rojectioiis, this arrow' he 
accompanied by the figures of its length and iuehiiation. Since however 
core-drilling allows also of the e.xact di'termiiiation of the natiiri' of the beds 
travensed, the most complete rej)re.sentation of such a. hole is jireseiited 
when, in addition, the rock sequence is given in colours along this arrow. 
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Ahuaiiam (J. Weknek. N<hic Tlnurn* v(Hi dcr KntsU'liiin^ dcr mit Anwciulun;'auf 

(l(‘n li(T;.d)aii. FiviKoiir, 175)1. Kkkiesi.ehes. Hcitra''*-zur N.itin'f^rsehuhto cirr (Jarifto, 
von Molls .laliil). <1. u IliittcnKuiKlo, 1\’. ‘ 2 . ISOO, p. ].— von WEissKMcvcfi. Ahhil- 

(lu!i} 4 <M) incrkwnt’ili;^<‘r (}.iriii:v<“rlialtniss(> aiis (!(‘ni Mi hsiM-lion Ktzueiiir^'o, IHIlli - K. (‘. von 
Be (ST. Kritisclic Hck-ialituni; ilcr WcnuisclKMi < Jaiivdlivoiio, IS4I). -M. von Cottx and H. 
iMi r.r.EiE (Janij;studi<‘n. I IV., 18.^)0 IS(i2.- 11. vo\ ('otta. Lclirc von <leii lOr/.laiiorNtalten. 
Frciliori;. 1S.5!)-M. J'\ ( J xEiv.scinnw. Dm* .Aiif- un<l lliitcr.sucluni^f \uii 

La<'c‘f.statt(‘ri nut/,Barer MitMralM'ti. 2im1 t'dit., IS<)B -. 1 . (Jrimm. Laircrjitattctj dcr tuitz- 
hareii MiiK'ralien, ISB5).- I'\ INisia“N\. (B-oloifischi* Belraclitunjicn iil»or du* (Janji.sjialton. 
dalirl). la-ohen, \.\'Il.. 1871, p 22.'l. Aem. Heim iBjtorsti( liiiny;on uIht den Mccliatii.smus 
der (B‘l)ir”;shilduni.c 2 vols uitli Atlas. Basle, 1878.—A. vox <litonuECK. Die Dehre von 
den Daj'erstatten der Krze. Deipziu. 1 875). A. D.\i iocee. Kxj)eritnenlale (leoloj-io. 
(Jennan edition By A. (Juilt, B>niii.s\viek, ISSO—.1. If. h V'ooT. Xorske (‘rtsforekoinster, 

)., 1H84.—K. Si ESS. DasAnthtzder Krde, I.. 1885; 11.,1888; Ill. I. l‘»()I; 111. 2. H)0!).— 
I’u. S wniiERoEK. (^titeisueliun;fen uBer iMZLMnj;(“, 11., 1885.-—K. A. fiOSSEN. ‘ Dol>er cin 
duivli /iifall in einer Fen.sterselMMBoenf.st;'nd(“nes'l’orsion.sspaltenetz.' .falirB. d. K;^d. Freus.s. 
(Jeol Lande.san.stalt, I88l>, p IBM). A. Dvi mree Los ikuiv .soiitoiTaines, 111., 1887.— 

K. AlMMiEiUE und Heim. Dm* Dislokalioiien der Kidiin<le. Zurieli, 1888 —Be:i'Thek. 
UBer HanjrBildiin^en. B(‘r<f- u. Hiitten/eitmi;:. 185)1, p. 18.7.—»f. A. PhILLII’.S and 11, 
Loots. A Treatisii on Ore Deposits, II., I8!)(i -V. Keockm.wn. Keitra^e zur Krzlaifor- 
statB'iikunded(*s Harzes. Z<‘it. f. pr.ikt. <B*ol., 185)8, !>• IB5.— t' R. van Hisk. ‘ Prineiple.s 
of North Anieriean Bre-CainBri.in OeoloLi[v.’ .\nM. L'.S. Oeol, Survey. .W'L, 185)4 -185)5, 

Pt I. p 55)8; ‘ SoiiM* Pniieiph's ('oritrollnii' tin* Deposition ol Ores,’ IVans. Ain. Inst. 
Min. Kii^. -WX., 15)00, p 27. -F. von Rich ritoEEs. Oeomorphologisehe Stndien »uh • 
OstasK-n IV. Sitziim;.sBer. IB'rlin Akad. .\L, 15)05, p 81)7.—F. S \rco. L<‘s Lois fondani. 
do roroifenic de la terre. 'I’lirin, 1!)0(). -A.mmi'EREK. ’ PBer das Bewej'iyij^sBild von 
Faltenj^eBirgen.’ dalirh. Oeol. Reiehsan.stalt, lj\'L. Vienna, 15)00, p 535). —L. Wa.vokn. 
VVie ontsteiieii MeiuvsBeekcn und OeBir^'e ? \'erh. (Ii'dI. Reielisanstal^J^ienna, 15)07, p. 
5)5).— M. Bertrand. ‘Mem. .sur los refouh'inents <|ui ont plisse Becoi^ terre,stre.’ MOn 
A(aid. Seienees, tome I, No. 2, Pans, 15)08. - F. Ka\.ser. Lelirlmeh iler floologie. 3rd 
edit. Vol. I., Stuttgart, 15)05). • 

15oth by iictual ox|)(^rimpiit ns ns by observation in the field it has 
b(!en soufrht to fathom tli(> eanses from wliioli fracture results. Daubree, in 
his work on experimental veoloey, showed that tension and extension, 
comjmession and jilieation, and finnlly also torsion, come into (piestion. The 
tectonic fissures resiiltinf; from any of these, cirenmstanees of stress arc 
formed by forces which have theii- origin outside the rock in whicli the 
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effect is produced. These ‘ exokinetic ’ fissures, which generally occur in 
connection with orogenic jn-ocesse.s, are to be distinguished from those 
termed ‘ endokinetic,’ whi<dr depend upon causes arising within the rock 
itself. These latter may again be divided into two classes, one due entirely 
to mechanical causes, while with the other chemical-geological processes 
are active at the same time. 

Tectonic fissures, most of which owe their origin' to orogenic forces, 
may continiK! to great (h^pth. Whether in particular cases extension 
or compression were the cause of their formation cannot always be deter¬ 
mined. It must also be considered in this connection that evn'ry 
mountain-forming pressure which produces compri'ssion in one place, 
must at some other place u])on the earth's crust ])roduce tension. In both 
cases fissures are fornnid when and whert^ the elastic limit of the rock is 
passed. 

With plication, that is the thrust to anticlines above and to synclines 
below, such fissures are known as anticlinal and as synclinal fissures. These 
from the nature of their formation run more or le.ss at right angles to the 
direction of the pressure and strike ther('fore with the strata wlu'rein they 
occur. Ex]>ericnce .shows that in addition in all areas of intense folding 
a large number of other fissures arc found cutting across the strata 
aj)proximately in the direction of the pressure. While the strike fissures 
provide opportunitv for the formation of ' strike lodes,’ thosi? which cut 
across the strata serve e(pially for ‘ cross lodes.’ 8inc(‘ generallv there 
occur many more transverse lhan longitudinal fi.ssures, lodes acro.ss the 
formation are consequently more nunuTous than those along it. In most 
cases the cro.ss fissures remain open and .serve as channels for the circula¬ 
tion of water and of solutions, wdiile it is by no means invariably the 
case that dislocation has taken [)lacc along them. 

Smaller fractures also resulting from comjiression may, in places and 
over considerable areas, be so nnmerous as to produce a complete 
* sliatteriug of the rock which in cases of extreuui compression is given the 
appearanqp of a mo.saic of .srnall angular tragments most of which have 
striated surfaces iudicating con.sid('ra.l)le int<*rnal movement. Excellent 
examples ofrui^ structure are. alTordeil by many of the ]iyrite bodies of 
the Rio Tinto district, which di.strict is remarkable for the, evidences of 
intense pfessure-metaniorpliism. 

The experience that overthr'i.sts, which are the con,se(piences of 
extreme plication, rarely ev('r carry ore, is one of special significance in 
the .study of dejwsits, since in it lies an e.s,sential differenc(' between faults 
and overthruste. This fact i.s connected with tin' difi'erence in tin; water 
circulation in the two ca.scs, and this again may be referred to tln^ mode 
of formation of the two clas.scs of disturbance ; while faults and cross 
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fissures are often at least partly open, overthrusts arc generally friction 
zones such as impound water. 

Although longitudinal and transverse fi.ssures owe bothitheir formation 
and arrangement to orogenic pressure, no open space can naturally result 
till after such pressure has come to an end. In this res{)ect, however, 
an exceptional position is occupied by those fi.ssures which have arisen 
along bedding-planes in antic.lines oi- syiu'lines. These are best known at 
Bendigo in Australia, wlicre in anticlines they have been found moat 
regularly one over another. Should mineral solutions enter such spaces, 
the resulting deposits arc either convex or concave, tapering on either 
hand till they disappear. Those are the so-called ‘ .saddle reefs.' 

The fissures resulting from tension likewise seldom appear singly, but 
more generally occur in parallel though occa.sionally in diverging .series. 
Daubree and afterwards Kayser rightly pointed out that these tension 
fissures occur more often than was formerly thought. The sinking of 
wedge-sha])ed masses can generally best be explaine,d as the re.sult of ten¬ 
sion, though in rarer cases it may be explained by the solution of beds along 
fi.ssuros in such a manner that these bed,s lose volume and consequently 
siirk into smaller space below. Tn addition to tension-fissures of small and 
limited extent, others have been described so large as to constitute the 
features of a country. Kayser in his well-known text-book mentions the ob¬ 
servations bv Russian geologists ujion such cccurrcnces in Middle and East 
Siberia, and gives as well their exiihination of the Baikal Sea depression 
by the operation of tension. Richthofen exjilained the chain of mountainous 
islands lying off the coast of Eastei'n Asia as a tension curve, whereas their 
arrangement was formerly accejited as resulting from horizontal pressure. 
The difference between the phenomena of fracture produced by tension 
and those produced by conqiression is just as difficult of determination 
on a small scale as it wars in this case on a large scale. Finally tension 
fi.ssures may also form in accideirted country when rock masses, owing to 
defects u])on their flanks, weaken and eventually become detached ; this, 
as the land-slides at Odessa show, may even take place to such^an extent 
that step-faulting results. 

Torsion fi.ssures are formed when the mass, moving^ ler pressure 
or tension, encounters resistance on one side or in one place. To Lossen' 
is due the instructive illustration afforded by the shattering of a*wundow- 
pane when thi.s is tiii'iied and twisted about a point, as for instance at 
the opening of tin- window with one corner, up])er or lower, held fast. 
Such fractures, which in bunches diverge radially from the turning-point, 
may be accompanied bv curved diagonal fractures. 

When the cau,se of fracture lies in the nature of the rock itself, endo- 
^ Jahrb, d. Preuss. Geo}. Landemnd., 1886 . 
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kinetic fi'ticturo, tlie ty[)cs enumerated below may be dilferentiate.d. In 
liot dry weatJier, and in consequence of the contraction due to dryinjf, 
sun-cracks are formed on the surface of such sediments as clay or mud ; a 
bed deposited later and lilling these cracks would therefore show on its 
lower side a net-work negative'. Such cracks and neeatives as these have, 
as far as present I'xperience ones, no imi)ortanee in I’elation to ore-deposits. 
Similarly when originally damp sediments become dry, a jointed structure 
arises similar to that to be observed as the residt*of the coolinj!; of erui)tive 
rocks. With these latter (he fractures so residting are known as ‘con¬ 
traction joints.’ These are often difficult to ri'cognize in undecomposod rock, 
though they show themselves plainly when the rock is broken or becomes 
w'eatherod. Such joints may also a|))>ear, both in eruptive and in 
sedimentary rocks, as sccondaiy elTects resulting from pre.ssure, tension, 
and torsion ; when so formed thev are known as ordinarv or ‘ simple 
joints.' Only those tvj)es will however here be considered which are the 
result of contraction in eruptive rocks or more rarelv in .sedimcjits. Of 
these Kayser differentiates the following : 

(fi) Jrregrdar polyhedral jointing, in which the rock-mass bn'aks into 
differently shajied, sharp - si<led, and angular j)iece.s.—I’orjihvrv and 
diabase among eruptive rocks : and grauwacke, limestone, and (piartzite 
among se.dimentary rocks, tend to this form of jointing, 'file irregular 
veins, representative of polyhedral jointing, which often traverse stan¬ 
niferous granite are important to the student of deposits. Such veins, 
occasionally containing cassiterite and associated mim.tals, traverse 
the granite in all directions, forming w'ith the impregnated zoiii's which 
accompany them the so - called ‘ stockworks ’ from which considerable 
quantities of ore, have* been obtaiiK'd. 

(6) Tabular jointing, in which the rock appears in jiarallel slabs or 
plates which generally are flat but which in rarer cases may be gently 
curved. Numerous cases are known where joints in eruptive rocks 
nfust be referred to differences in tension .set uj) at the solidification of the 
magma in a direction jierpendicniar to the cooling surface. Such tabular 
jointing is the more striking the (piicker the cooling was effected, conse¬ 
quently it ish/i,.^ seen in the outside and more quickly .solidified portion of 
an eruptive mass ; in the ca.se of ei'U|)tive Hows therefore chiefly in the 
neighboifthood of the, up|)er .surface, and with dykes in the neighbourhood 
of the walls. It is seldom seen right inside a rock-mass. When the 
slabs are very thick, a.s is often th(“ case with granite, the occurrence 
is described as block jointing; when they are very thin the structure 
approaches that of slate, this ocmirring with |)honoht.e, trachyte, ipiart.z- 
])orphyry, and basalt. 

{Tabular jointing in relation to ore-deposits is important in the case 
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of the {granite of Ziimwald whore coiitraotioii fissures ap{)roxiniately 
paraHel to the surface and having in part considerable tliickness, an! 
filletl witli cassitorite, its associates, and other lodestuff. The fraetiu-ing 
forces here were so great that these fissures, roughly of watch-glass shape, 
do not confine themselves to the granite hut continue into the adjoining 

• sediments, 

(<■) RrismatJc or columnar jointing, in which the rock is divided into 
regular prisms or cohnmts. —This form is especially fre(|Hent with basalt. 
It likewise is an cfl'e(!t of cooling which, starting from the exiiosed surface, 
continued ever deeper into the interior. The columns often of hexagonal 
form are usually arranged at light angles to the cooling surface, .so that in 
ordinary ma.s.ses the arrangement is concentric and radiating whereas in 
dykes it is parallel to the walls. This form of jointing is w itliout importance 
in'relation to ore-deposits. 

{(I) Spheroidal jointing, in which during cooling the rock contract'd 
around a centre .so that succe.ssive curved or spherical shells resulted.— 
This form is not infrequently accompanied by columnar jointing, ft 
occurs with basalt, diaha.se, mehqihyre, trachyte, porphcTy, and less 
markt'dly w'ith diorit', .syenite, and gahhi’o. In clo.se connection with 
this jointing there exists also an irregular spheroidal form, in wdiich the 
rock-mass falls into large spheroids which have variously barrel, roller, 
pillow, or tubular shape. This form of joinfing has however no importance 
in relation to ore-d?|)osits, 

(c) Cylindncal jointing.—This is seldom .seen. It occurs with the 
andesite of thi' Stenzelberg in the Hiehcngebirge. the mass of which rock 
is built up of cylinders which .separate in successive concentric shells. 

(j) Quadrangular jointing, in which when fully deveMped, three 
s)’stems of joints cut one another at right angles.—This form, which occurs 
in eruptive as w'cll as in sedimentary rocks, is well illustrated by the block 
weathering of many granite,s and the right-angled jointing of the Quader- 
sand,stein in-the Saxon-Bohemian mountains, (,'lo.sely related to it a’re 
tin' ‘ ladder loih s ’ of Beresowsk in the Urals and of several jilaces in Tele- 

• marken, which have arisen when transverse fractures formed in tlie cooling 
mass of an eruptive, dyk(! later became filled with ore ; a' ..icse fractures 
are oft-en connected with one another h\' others running parallel to the 
walls the name given to the whole occurri'iici' is ap])ropriate. 

There, exists as a special kind of contact effect a characteristic, 
fracturing of sediments when in the lu'ar neighbourhood of eruptive 
rocks. W'hcn such sediments are easily affected by eruptive contact 
they often exhibit columnar jointing. 

Uhemical-geological alterations depiind upon the two following essential 
factors ; (I) the chemical composition of the rock, a property whiiji lies 
' ■ VOL. I 
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entirely in the rock itself and is therefore eudokinetic; and (2) certain 
effects which can be produced on the ro(;k from outside and which are 
therefore exokinetic. Fractures due to chemical-geological processes 
occupy therefore a position intermediate between those due to jointing, the 
causes of which lie entirely in the rock itself, and those due to erogenic 
forces, the causes of which lie entirely outside the rock. When for instance 
anhydrite by the absorption of water becomes gypsum, an increase of 
volume takes place sufficient to lift and disrujfc any rock lying above; 
pressure so resulting is undoubtedly one cause of the formation of folds 
and fissures. With alkali beds another cause exists in the possible rccrystal- 
lization of some of the salts, the newer forms often requiring more space ; 
a mass undergoing such a change can exert tremendous pressure. 

In some cases it is not possible to decide whether fractures are due 
to pressure resulting from the absorption of a new constituent, as for 
instance water, or to the removal of a constituent during decomposition. 
The veins of magnesite and of garnierit(! in serpentine may be regarded in 
greater part as the fillings of crevices due to smdi a removal of material. 
In any case, from the appearance of the red rock in which such veins are 
found at Frankenstein in Silesia for instance, it is justifiable to conclude 
that all the constituents of an original serpentine or peridotite had there 
been leacdied and a siliceous substance deposited in their place. In New 
Caledonia also, where the origin of the garnicrite veins is referred to 
surface, weathering, the fractures are due to removal of material by 
chemical-geological means. In this connection the formation of the small 
auriferous veins in the bed-rock below gravel-deposits is not without 
interc.st; the action of running water causes a large number of little 
crevices to be formed which afterwards become filled from solutions taking 
their gold content from the auriferous gravel. An analogous formation of 
fractures is seen in the case of laterite ; during decomposition of the 
rooks coming to the surface, cracks an; formed in which iron ore becomes 
* deposited and from which the brown colour characteristic of laterization 
gradually diminishes. 

Fractmes formed in tliis manner play also a considerable part in the 
phenomena li-i|econdary variation in depth. By the various chemical- 
geological processes active in the upper portions of d(qrosits, numerous 
crevices teferable in part to increase in volume and in part to removal of 
material, arc formed. While in the oxidation zone these are more often 
filled with limonite and other secondary oxidation ore.s or with native 
metals, in the cementation zone they generally carry rich sulphides, and 
from them the further alteration of the original ore proceeds by ineta- 
soraatis. Such veins carrying cementation ore penetrate right into the 
primary zone. 
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AVith such fractures as these, which owe their origin to aqueous 
activity, those also must be reckoned which, existing first as narrow 
cracks or bedding-planes in a soluble rock, become, afterwards consider¬ 
ably enlarged by circulating water. In .such cases the occurrence is not 
always exclusively chemical, there may also be a mechanical removal by 
• the water; it is in fact generally the case that with the actual chemical 
process mechanical alteration of the rock also play,s a great j)art. 

Caving fractures ariSe, when within the earth’s crust beds easily dis¬ 
solved are removed by circulating watei-. The roof of the cavdty thus 
formed (a)llapscs as soon as the limit of elasticity is jiassed and cracks and 
crevices result. Rock-salt, potassium salts, gyj)sum, and anhydrite, are 
easily dissolved in this matiner. A very interesting occurrence of this 
de.scription is presented at Racsfeld and Rhade in northern We.stj)halia, 
near the boundary with Holland. In that district the rock-salt of (,he 
Upper Zechstein has been leached cau.sing the Runter sandstone and the 
(Vetaceous above to cave or collapse. Not infrequently some of the 
fractures so resulting arc found filled with jiyrite. At the present day, 
fractures similar to these are being formed in the course of mining 
operations when beds collapse into o.xhausted spaces. When this occur.s 
ex'perience shows that this manner of fracture, apart from the settlement 
of the hanging-wall whereby an area of subsidence bounded by the angle 
of riqiture is [u'oduecd, conforms to laws not only dependent upon the 
.situation of the exhausted space but also iqmn the structure and bedding 
of the. rocks above it, while in addition the. dip of the beds [ilays an 
important part. 'J’hesc factors in the end cause the rupture to disappear 
in the overlying beds. The extension of such caving fractures depends 
greatly upon the character of the rocks in the hanging-wall and the shape 
of the cavity. Where large areas of uniform thickness are removed either 
by natural agencies or by mining and the rocks above |)ossess sufficient 
elasticity these, may gradually bend and no fracture of any importance 
need he formed. 

Tuk Duration of Feaoturk and tuf, Aon of Jjode| —It ha,s 
repeatedly been pointed out that the age of a lode is not identical with 
that of the, fissure in which it occurs and that the, actual''.^imation of the 
fracture as well as the later filling may both be quite complex proce.sses. 
The movements along fissures often belong to the most varied geological 
e{)ochs. Ucological invc.stigation on the left bank of the lower Rhine has 
shown that the fractures in that di.strict were first rent towards the 
close of the (Carboniferous period when also a subsidence of the beds 
in the hanging-wall occurred. Since then tectonic movements have re¬ 
peatedly taken place along the fi.3sures then formed, and faulting in Diluvial 
andscape can be traced most plainly, that is to say, the last movements 
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took place but a relatively short time ago, or in any case after the deposition 
of the Diluvial beds. This investigation also showed that it is more than 
probable that along many of the faults in the Coal formation, which faults 
farther to the south around Velbei t and Aachen in part occur as lodes, 
movement is still taking place. 

Similar phenomena are also evidenced in the material of many lodes. • 
Should, along a fissure which became filled shortly after its formation, 
a second movement take place, there, is genofally evidence of this in 
the structure of the filling; if into such new fissure mineral solutions 
find their way a younger lode becomes formed within tlie oldci’. Among 
many others a very good example of such an occurrence is afforded by the 
Siglitz lode in the Taueni, where a younger lode of auriferous arsenical 
pyrite was recognized by Krusch to occur in an older lodi' of auriferous 
pyrite. In general, the material of which a lode consists de})end.s a good 
deal upon the length of time it took to form. Naturally each later mineral 
solution entering a fissure is in the position gradually to displace the 
material already there, till finally a lode might result having nothing in 
common with the material of the first tilling. 

The age of the actual fracture, the time occu|)ied in its formation, and 
the varying age of the (>ventual filling, are tlii' three factors which 
together constitute the age of a lode. 

No.MENCL.vraiK OF CvviTY-KlLLlxiis.' The terms olteii used in 
English for the different forms of lodes and chamber-d(‘|io,sits reiiiiire 
some further description. 

The term ‘vein,’ as often used by .-Vnierican writers, is much more 
inclusive than the (lernian expression ‘ and it is ('onseqiieiitly 

applied in many cases where tin' (lermaii exjiressioii could not be used. 
Under the term ‘ chambered veins ’ is iiiider.stood such deposits in an 
insoluble country-rock as at phves along their e.xtent show large' bulges ; 
according to ff. E. Becker the.se [iiobably originated after the formation of 
tlfe fracture by the, caving of the country-rock at |)articiilar places where 
it had previously been shattered by torsion. ‘ (lash veins ' are formed 
by the solvent action of water along bedding-phoies and transverse 
fractures ; tft^have rarely any great length, and as thev are generally 
found in limestone and dolomite they belong in greater part to the 
metasouCitic deposits, that is either to the lead-zinc, or to the siderite 
occurrences. 

‘ Pipe veins ’ are sometimes mentioned in English and American 
literature. These in all cases are chimney or columnar deposits .standing 
more or less vertically. The exjiression is not only used for deposits in 
limestone but for others, such for instance as the tin occurrences recently 

* Sec I‘r(“facc. 
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found in Soutli Africa, which arc inclined similarly to but (latter than the 
diamantiforous 2 )ipes. ‘ Flats ’ differin'; from [Apes follow the bedding of 
the formation in which they are found and are limited to occurrences in 
limestone. 

The term ‘ contact lode ’ re'piiros special mention. Many authorities 
apj)ly it to such lodedikc occurrences a.s ajrpear at the contact of an 
eruptive with a sedimentary rock, and which thon'fore are the fillings 
of sjraces which njight well have arisen from fracturing along such a line, 
or from the action of water using this line of weakness as its channel and 
gradually removing jiortions of the walls. They might also even be con¬ 
traction fractur(!S fortmal, like those at Beresowsk, at the periiilu'ry of an 
eruptive rock when cooling. iSince the use of the (‘.xjiression ‘ contact 
metajiioiphic deposits,’ or mon; shortly ‘ contact dejiosits,’ became 
general, the e.vpression ‘ contact ’ is only jrroperly applied to such occurr¬ 
ences as through contact metiimorjihism are closely as.sociated with eruptive 
[iheiiomena. It is everywhere acknowledged that true contact dejiosits 
may closely resemble lodes. Such would be the case when any fissure 
standing open in the contact zone, or becoming formed there by contact 
metamorphism, hiter became filled with ore dcjiosited from solutions 
issuing from the magma. On these grounds the limitation of the term 
‘ contact lod" ’ to lode-like deposits of contact metamorphic origin is 
strongly to be recommended. 

The .VuiiAXOKMKXT oe Lode Fissures.— ft has already been explained 
that in general the fracturing forces at work form either irregular fractures 
with ever changing strike and dip, or sim])le lissures maintaining a 
definite course, tor a considerable distance. In the lirst case the re.sult 
would be, tor e.xamjile, a ‘ stockwork.’ or when the veins were not too 
irregular a ‘ network ’ Experience shows however that even with the 
larger lodes it is .seldom that only one liissuie is formed, but that in most 
ca,ses severa.l are jiroduced to form a ' lode-.syst,em ’ or a ‘ lode-series.’ 
When it is said for instance that the .Mother Imde of California has an 
extension of more, than oiu' hundred kilometres along the, striki' it is not 
meant that the same single fissure occurs over all that Icugtji •but that the 
lode coii.sist.s of a number of fi.ssiires having th(> same strike, of which wlu'ii 
'one gives nut there is another not far awav in the hanging- or the foot- 
"wall to take its place. It is therefori' advi.sable wdien one of the larger 
lodes pinches out to continue a short distance in the same direction, and 
then to crosscut right and loft in order to cut any new lode jiossibly 
ipresent. 

■ Occasionally also a number of fractures with various strikes may be 
|ound close together in a, ‘ sw’arm ’; such an occurrence is often to be seen 
in Siegcrlaiid. According to Dcnckmaiiii, those are found when tlie* 0 ''jt- 
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side fissures of a tectonic depression are connected by a large number of 
others running diagonally and transversely. 

The fact that lodes are more frequently found in the neighbourhood 
of important tectonic lines has been particularly brought out by the 
geological survey of the Rhine Sddefergebirge undertaken by the Preun- 
sischen (leologischen Landesanslalt. At the fo’'mation of a tectonic fissure 
a large number of transverse fissures may qrise, which, if they are 
parallel, become ‘ parallel lodes.’ Such lodes also often agree with one 
another in di]) and, when they are accompanied by faulting, u.sually show 
step-faulting. The, fact of being parallel however i.s not sufficient to 
establish contemporaneity ; since fracture in general takes the lino, of 
least resistance, the, same districts may have .suflered at different times. 
When fissures proceed out from a centre, as might hap])en when torsion 
played the greater part, they give rise to ‘ radial lodes.’ 

The Behaviour of Bode.s to One Another. -Whenlodesof different 
age occur together the older mayinfluence the strike of the younger or rice 
versa. Under the term ‘ lode junction ’ is understood the situation where 
two lodes striking in different directions intersect one another. If the 
angle of intersection be a right angle the junction is spoken of as a 
‘ square junction,’ but if it be an acute angle then th(^ term ‘ oblhjue 
junction’ is used. With lodes of the same .slrike. a junction can only 
occur if the lodes (li|) towards one another when the intersection is 
spoken of as a ‘ dip junction.’ 

The term ‘ deviation ’ in connection with lodes is used when the 
line taken by a later fissure is influenced by one already existing, in 
such a manner that the more recent one follows the other for a time 
and afterw'ards leaves it, without having crossed it. 

In all these cases the lode.s as a rule, are of different age although it 
does occur that intersecting lodes arc occasionally contemporaneous. 
Ej'cn however when such contemporaneity can be established for the 
filling, it is in no sense established that the fractures are eipially contempor¬ 
aneous. •Deviation is to be distinguished from ‘ deflection ’ in which the 
deflected potion may continue beyond the obstacle, either as a sinqile 
fissure or as a veined zone. With such dcflcc.tion not only may pre-existing 
fissures be the cause but friction zones and overthrusts, which as before 
mentioned hardly ever in themselves contain any ore, may serve equally, 
bringing about deflection by the difference between them and the normal 
country-rock. 



MINEllAL CONTENT OF OJiE-DEPOSlTS 

Oke-dei>osits contain the following different components, whicli may 
occur in every structural arrangement and in every possible proportion. 

1. Ore. 

2. tlaugue. 

3. Rock inclusions. 


I. The Ore 

In relation to ore-deposits, any metalliferous mass from the like 
of which in the present state of the arts of mining, ore-dressing, and 
metallurgy, a metal or metal compound may in general be [rroduced on a 
large scale and with [)rofit, constitutes an ore. The term is not one of 
chemical technology and accordingly such compounds, as for instance 
the potassium salts, are not inchnled. Tliis definition, it is seen, differs 
essentially from that understood b\’ mineralogists who regard ores as 
minerals containing metals in certain fixed condiinations. In the study 
of ore-deposits, on the other hand, the mineral masses and rocks 
included as ore contain a lower ])ercentage of ore in the mineralogical 
S(m8e, the higlnu’ the value of the metal concerned. In mineralogy for 
instance, auriferous |)yrite. is a gold ore, while in the study of ore-de])osits 
the quartz masses which may contain this pyrite in such quantity that a 
|)rofitabIe extraction of the gold uniler present metallurgical coiiditions is 
possible, constituti' the ore, though in such a case onlyd-he smallest 
fraction of the mass is valuable. 

The term in this sense does not however coincide with that of ])ay- 
ability. It only demands that, without considering the conditions of com¬ 
munication or the <|uantity present at any particular place of discovery, 
such mineral matter in general is being a])plied under present conditions 
with profit and on a large scale to the production of metal. A mass of ore. 
is however only payable when it occurs both in the necessary (piantity 
and under those economic conditions which permit a profit. For instance 
a hannatite lode in Germany, .5 cm. thick, is without (piestion ore in the 
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sense of the study of deposits because in the present position of tlie arts it 
is certainly possible to produce iron on a large scale and with profit from 
hematite. Such a dejmsit of iron ore would however not be payable 
because with the means at ])resent available to the miner, the ([uautity is 
too small to ))ermit a profitable extraction even under the favourable 
conditions of communication which exist in (lermany. Similarly, a 
mountain of maf;uetit(i in tht^ centre of Africa would rightly be regarded 
as ore because th(‘ smelting of magnetite on a large scale and with profit 
is in general [tossibhn N'ct, however great tin' ipiantity, such a deposit 
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would nevertheless not fulfil the conditions of navabiht v because; on ac- 
count of its situation it would be utterlv impossible to di'livcr it to a 
smelting works at a )irofit. 

The claiyi that from ore it must be possibh; to produ(;c nu'tals or 
metal compouitds on a large scale and with profit, postulates a certain 
minimum metal content. Material contaiuiug 15 jier cent of iron cannot, in 
however great an accumulation,be regarded as ore, because it is not jiossible 
by any known metallurgical ju’ocesscs to jiroduce iron at a profit from 
such a mass without the addition of richer material; there should be at 
least sulficient iron present not only to cover the costs of ore.-dressing and 
of metallurgical treatment but to leave something over. The lowau limit 
permissible for the metal content will difl'er somewhat for each itroducing 
distriet. It may be taken that in (lermany, under jircsent conditions, iron 
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ores must contain at least 25 percent of iron before they can be reckoned as 
ores of tliat metal. If in the. future magnetic sejiaration should develop 
materially, such an advance would he of deciding: importance to this 
hnver limit of content in iron ore. From this it will he realized that 
^ the (amcejrtion of the term ‘ ore ’ is dependent \i])on the position 
of the arts of orc-drossiufr and metallurgy and that, sjieakiiif; ^'enerally, 
the lower limit of metaj content will sink lower and lower with, the 
develojniient of technical processes. In conscipience poorer and [worer 
masses will come to he included as ore. 

80 loni;: as the ])roduction of zinc from .sphalerite was not understood 
(fiat juineral was not an ore in the sense here described, thouuh to-dav, 
wdien the metallurgy of zinc, has been jierfected, it is the ore most 
soneht. Similarly, so lone as nickel and cobalt minerals could not be 
applied to the manufacture of nickel and cobalt compounds on a lujee 
.scab', tlu'y wei'e not ores, though to-ilay they are. It follows therefore 
that tlie ores, in their number also, are variable and dependent u[)on the 
proj^ress of metallurgy. 

The definition here given avoids in the first place the expression 
‘ heavy metals ’ which, since more than one light metal is now ]jro- 
duced on a large scale, is no longer a])t. Bauxite and cryolite, the 
minerals from w’hich metallic aluminium is produced, are coiisecpientlv 
important aluminium ores. 

Further, to satisfy this conci'ption of the term it is not nece.ssary that 
a metal jirojier should be produced. There exist a largo number of metals 
for wdiich wlnm in the metallic form there, is little or no use while, on 
the other hand, certain compounds, usuafly won as intermediate products, 
are particularly sought. For example, from cobalt ores it is not sought to 
produce metallic cobalt but (he oxi<le or some other combination. The 
material treated must, nevertheless, without cpiestion be considered as ore. 

Among ores siderite takes a special place, being sometimes regarded 
as ore and sometimes as ga.ngue. It is regarded as ore in all iron 
deposits and in all dejwsits where, occurring with other ores, it >« workeil 
for the iron it contains. On the other hand, when it occujhes a subordinate, 
[dace in deposits worked for other ores from wdiich in breaking it ca.nnot 
he kept se.[)arate, it is not ore but gangue. 

Sulphur-, alum-, and vitriol ores, among other.s, fall outside the scope 
of the, above didinition. Suljihur ores are those sul[duir-bearing ma.sses 
from which sulphur or sulphuric acid can be [iroduced on a large .scale and 
with [irofit. They include [lyrite or marcasite as well as native 8 ul]ihur 
and rook more, or less imjiregnated wdth that element. Since after the 
"sulphuric acid has been won from pyrite, the roasted residue may be 
smelted, this sulphur ore may also be regarded a.s an iron ore. The iduin 
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ores were used formerly for the production of alum, that is the double 
sulphate of aluminium and the alkalies. If for instance a slate or a 
clay in which sufficient aluminium or alkali bo present, contain a certain 
quantity of pyritc or marcasite, then durii\g weathering the double 
sulphate will be formed, which can be leached with water. From such 
a resultant solution cither with or without the addition of alkali sulphates, 
alum may be caused to cry.stallize. Vitriol ores^are those mineral or rock 
masses from which, by simple means, sulphuric acid or ferrous sulphate 
may be profitably produced. To this grouji belong peat and lignite con¬ 
taining much pyrite or marcasite, and also those rocks which are impreg¬ 
nated with these minerals and from which as the result of the above- 
mentioned weathering, ferric sulphate may be leached. Sometimes also 
peat contains sufficient free sulphuric acid to allow it to be classed with 
these vitriol ores. Alum- and vitriol ores are now in their industrial im¬ 
portance but of historical interest, and in any case they concern the chemical 
rather than the metallurgical industry. 

The lower the value of the metal concerned tln^ higher will be the 
minimum metal content. In the case of iron a minimum of 2.5 i)er cent, 
that is 2.50 kg. per metric ton, is regarded as the lower limit in CJermany. 
With gold ores 5 grin, per ton suffices under favourable circumstances 
not only to satisfv the definition of ore, but nmler conditions similar to 
those existing in (lermaii} to render a primary auriferous deposit 
payable. ,Similarly a gravel - deposit needs only to contain a fraction 
of a gramme per ton in order to constitute, other conditions being 
favourable, a very valuable gold ore. 

Ferruginous masses whose metal content is too low to allow iron 
to be won from them on a large scale and with profit, may nevertheless 
be applied as duxes when they contain certain material, such for instance 
as lime, which is necessary for the smelting of other and richer ores. These 
fluxes theri'fore play a considerable part in the metallurgy of iron. Where 
for example iron ore has been formed by the rejilacemeiit of limestone, or 
where a sedimentary ferruginous bed passes gradually over to a rock rich 
in lime, it iii usual to find that, in addition to the I’csej'ves of iron ore, a 
large quantity of this ferruginous flux is jircsent, of which, when estimat¬ 
ing the metallic iron in reserve, account must be taken. 

The question of late years whether vivianitc, the jihosphate of iron, 
was to be reckoned as an iron ore, has been answered in the affirmative by 
the Prussian authorities. 'There can be no doubt however that vivianite 
docs not fulfil the conditions imposed by the, study of ore-dejiosits since, on 
account of the large amount of [ihosphorus contained, it is not po.ssible to 
[iroduce iron ona large scale andwith profit from it alone. 'This decisioncon- 
ceri/ing vivianite has therefore not been made from the point of view taken 



MINERAL CONTENT OF ORE-DEPOSITS 


75 


in the study of deposits, but entirely from that of the mining law. When 
this mineral occurs in large masses it is in con.sequcnce of its jjhosphorus- 
content of some importance in the ‘Thomas’ process, whereby it finds itself 
so closely connected with bog iron ore that its exclusion by the law from the 
, number of iron ores might cause serious legal difficulty. In those countries 
where bog ore belongs to the owner of the surface, and this is generally the 
case, the question of the 4‘gal position of vivianitc is of no importance. 

The lists of ores usually found in text-books, give generally a simph; 
enumeration of the various minerals without any indication of their signifi¬ 
cance in the examination and the valuation of ore-deposits, d'his signifi¬ 
cance depends not only upon (|uantity but also upon regular occurrence in 
those defined depth-zones which result from the processes of decom¬ 
position and in the formation of w'hich the level of the ground-water I)lay8 
an itnportant ))art. With steeply inclined deposits atmospheric water 
finding its way to a mass of ore into w'hich it sinks, causes a re-arrange¬ 
ment of the originally evenly distributed ore content in such a manner 
that, W'here a complete profile of this mass still exists, there arises near 
the surface an oxidation zone, below this an enriclnsl or cementation 
zone, and then in greater dejtth the zone of priniarv ore. Consid(ning 
only the relative amount of the secondary and altered ore to the ju’imary 
and unaltered, the latter generally ):)redoniinates, while it is further 
distinguished from the two s(«ondary zones by a fairly uniform or at 
least definitely arranged distribution of its metal content. In these tw'o 
zones the migration of the metals occasioned bv chemical-geological 
processes is such that in the eennuitation zone, which is comparatively 
thin, the metal content often of hundreds of metres becomes collected, 
and the amount of metal in a mnt of height, say of one metre, in this zone 
is consequently disproportionately greater than in the |)rimary zone. 

'The mannei' in w'hich such atnujspheric. watc'r brings about the 
phenomena of decomposition is discussed in the chapter dealing with the 
secondary dej)th-zones. To appreciate the sigrdticance of different ores it 
is sufficient at this .stage to mention the following jioirts. ■» 

Like primary ores under like conditions exhibit the saine j)hcnomena 
of decompositimi even though tln^ genesis of the original ores may be 
different. In the process of decomposition effected by the action 
of the oxygen and fhe alkali chlorides of meteoric water, oxides, 
carbonates, sulphates, chlorides, and mort! seldom bromides and iodides, 
of the heavy metals, all of which are characteristic of the oxidation zone of 
an ore-deposit, are first formed. Since usually a large portion of the 
original metal content of the oxidation zone becomes removed in solution 
to greater depth and only a relatively small [lortion in the form of oxides, 
etc., becomes precipitated, this zone is usually poorer than the prinlary 
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zone in so far as gold, silver, copper, zinc, and some, other heavy metals, arc 
concerned. This metal in solution, after complete exhaustion of the 
oxygen and in consequence of precipitation by reduction, accumulates in 
the underlying cementation zone which usuallv contains lic.li .sulphides and, 
coniparativelyspeaking,large accumulations of noble mef.al.s. Although, as , 
will he mentioned later, the o.xidation and cementation zones usually found 
with .steej) ore-de])osits do not of necessity alwi^vs occin', and with sonui 
ores, magnetite for instance, a.re generally completely absemt, it is never¬ 
theless necessary when making a valuation of any ore exposure to be clear 
concerning the zone in which such e.xpo.sure occurs. 

Many metals have indicator ores for the separate zones and in con¬ 
sequence, when enumerating the ores, it is of importance to s])ecifv those 
wliich are characteri.stii^ of the dilTerent zones and to .state the conclusions 
which the appearance! of such ores allows to be drawn relativ<> to possible 
change in the metal content in depth. 


1. (hid Ores. 
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The most important primary gold ore is undoubtedly auriferous pyrite, 
that is a mineral in which the noble metal onlv occurs as an acce.ssorv. 
tlold is »lso found associated in an analogous manner with arsenojivrite, 
stibiiite, and chalcopyrite, though not with the same fieijuency or to the 
.same extent. 'I’ltese ores which in their outward a.p|)earanc(! betray 
nothing of their gold-content, may b(! termed po.ssiblo gold ores; when¬ 
ever found in any new district they should always be as.sayed. The three 
first-named are a.s a rule primary, that is to say they continue below the 
level of the ground-water though often with lower gold content. Auriferous 
chalcopyrite may also be primary but is more often founil in the cementa¬ 
tion zone of gold and copper def)o.sit.s. Auriferous jiyrite, arsenopyrite, and 
stibnite may also, immediately above the ground-water, .similarly contain 
secondary gold in considerable amount although they themselves be 
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primary. In such cases the ])riiiiiiry or(>, viewed macroscopieally, 
differs from the cementation ore only in the matter of its gold content; in 
greater deptli tlie primary ore contains only primary gold whereas in 
the enriched zone it contains both primary and secondary gold. 

Native Oold. This occurs in all auriferous deposits of whatever 
•genesis and whether tiny he primary or .secondary. (Ircat accumulations 
are often secondary and typical of the cementation zone. Primary gold is 
found ; * 

(n) As the onlygold ore pre.sent.andsometimes in con.siderahio amount, 
in gravel-de|)osits. 

(6) With auriferous pyrite iu lodes and ore-beds. 

(c) With gold telluridcs in lodes which though generally small individu- 



Kk;. 8I). Fin- (l)l,ick), ctiiiiriitin^' in iju.n t/, jiai l)\ coloui’etl liv liiiionitc 

hUiltmi Iwa.-'i-'', Monnf l.’uep I'MlIn-tioii, l.iiiiilcMinsI, Bcihn. 

ally may, when aecompamed by an impregnated zone, possess considerable 
width. 

In the case of gravel-deposits, neglecting tin- unimportant recent 
deposition which generally makes it.self evident in crystal faces, J;here is 
obviously no separation of the ore into primary and secondary. With 
other deposits carrying auriferous pyrite and gold telluridcs this 
separation however becomes more important. When the complete section 
of one of these deposits still exists, under a poor oxidation zone which 
carries gold sparingly in cracks filled with lirnonitc or hicmatite, such ores 
show a cementation zone which often has a very high gold content even 
though the jirimary dejiosit be poor. The gold in this enriched zone, as 
illustrated in Fig. 8(j, always occurs Idling cracks and irregular spaces. 
This mode of occurrence, which is particularly to be seen when the sample 
is made wet, is so characteristic that it establishes a derivation from "the 
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cenientatioti zone even when there is little iron oxide present, and 
without exception as far as present experience goes it is indicative of the 
cementation zone of any auriferous deposit conc(Tued. It may also 
plainly be recognized even in those excc],)tional cases where the primary 
deposit itself carries much free gold. The dift'crcnce between the 
occurrence of the gold m the ()riniary and that in the cementation zone' 
therefore is not based solely ujmn cjuantity but also uj)on appearance. 





Fi(t. 87.—Frer (A), on- f' ). ami pet/ite {<1), from tlie Lake V'lpw Mine 

Kalg'iorlii*. ('iilii-ftn'ii, fi'tii/. J'eilin. 

Since in the primary zone tlie quantity of ore is large while the gold 
content is low, whereas in the cementation zone the reverse is the case, 
the determination of the genesis of the free gold is of the greatest 
importance in making a valuation of any deposit. Confu.sion in this 
matter by young engineers and laymen has often enough caused a rich 
secondary deposit, such as w'ould soon give out in depth, to be regarded as 
an<.inu.sually rich primary occurrence which might be expected to continue. 
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The telhirido gold ores, calaverite, sylvaiiite, kreimerite, petzite, and 
iiagyagite, form a group the members of which so often occur in association 
with auriferous pyrite that in sonic districts the miners apeak of them 
simply as sulphide ores. On account of their dull appearance they are, as 
is to be gathered from Fig. 87, at first not easy to recognize or to distinguish 
•from one another. The number of these compounds of tellurium and 
gold given in text-books has latterly been decreased because of the dis¬ 
covery that both kalgoorlfle and coolgardite were mechanical mixtures in 
which the characteristic mercury content was due to the pre.scnce of 
coloradoite, the telluride of mercury. Since that discovery such com¬ 
pounds of mercury, teliurinni, and gold, are no longer considered to exist.’ 
As the gold tellurides are generally quite dull in appearance and greatly 
resemble other minerals encountered every day, such for instance as 



Kk;. sS. — Fit!.' gold (wl.ilo), flirt,liy and o( a dull -'Town nilour, aloii^ iii the oxidallon 

/one of a tfllniidf lotlu in tin- Houlder North Extciidod. K.ilgooilie. Oolioction, ih'i'l. 
IahiiIi’xk lifilm 


chalcopyrite, it is necessary to have at hand some method of cjuickly recog¬ 
nizing them. If a small portion of powdered material in which tellurium is 
.sus])cctcd, be placed upon a white porcelain plate and then be brought 
into contact with a droj) of hot sulphuric acid placed near it, tjjis acid 
along the line of contact will assume a violet colour similar to that of 
licrmanganate of potash in solution. With those ores however which 
surrender their tellurium less readily, it is necessary to apply heat and 
concentrated acid, which is beat done on the clean cover of a porcelain 
crucible. To determine whether a telluride ore i.s auriferous, is quickest 
done on charcoal with the blowpipe. Since, as seen from the table on p. 80, 
all such ores contain silver, a gold-silver button remains which, when not 
more than I part of gold is present to ,8 of silver, may be treated with nitric 
acid for the separation of the gold. 

^ Spencer^ L. J., Mincndogica} Magazine^ J’^ebriiary H>03. 
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t'oriiiiihi. 

1 'I'liriil'-tli'iil 

i ('OlllllObltU)ll. 

Jtesiilts of 
.Vualj s<‘S. 

A. Light coloured Ores - 

(the most hcqucnt) 

(An, Ay)'!',-, 

~tl- 1 'I’o 
.ill A All 

1 An 

51 11 (10 2 'IV 
44 0 All 
'I'r 1-8 .An 

Svlvfimle 

(coTupuMtiN i'l\ i;irr) 

.Aii.Au'l'i'i 

112 r, Tr 

24 2 All 
lltAAn 

(10 45 (10 82 ’IV 
28 5 20 8 All 

0 1 - ii 7 i\'A 

KtetitUMito 

((•<>nij)iua1iv(“ly i.u<‘) 

(All, Aiiyrr. 

,-)74 

All 
:t- 1 An 

same as ( 'al.i- 
vei lie 

.78 (12 'I’ll 

2(1 (10 All 

2 82 An 

B. Dark-coloured Ores 

IVt/.ite . 

(fommon) 

(A;;, Au),'l’c' 
,'n ■ All :i 1 

i 

:t:* s 'I'c' 

2o 1 An 

H S Ai; 

21 5 24 8 'IV 

22 4 2K1 All 
40 1 42 2 An 

Coloradoile . 

IIk'IV 

til 5! Me 

V.) Te 

50 4-110 0 lln 
25 ,S 20 2 'I’n 

C. Lea!! grey Ores 

llossitc . • • • 

(of little irnpoitaiici ) 

Aa'.'I'i' 

ti;t-27 Ae 
'I’e 


Altaito . 

(of little impoitaiKM*) 

IM.’I’c 

' (i2 2HlM) 

27 72 I’e 









Ores.^ 


MlNfiKAL CONTENT OF OKE-DEPOSITS 


81 


IMiy.sical J'topertJi’.s.- 


I'hoiiiKal tl.ln^ ■ 


Bronzc-yollow. Yollowii^h-uivy 
streak. ('onchoidai fracture. 

Jd^dit iiudallic lustre. No 
cloa\aj?e. Sometinw's »'eseinbl(‘s 
•sulphur. 

Sp. (ir. -IhO. 

^ Cry.>>t. Nyst. 

AsyininetricaJ. 


M Ppon charcoal .0 (he ocl./.oio ila„„. of the 
hl.)w))ipc eives a white ineni^tatioii, eoloui-, 
Uie Hanie hlutah-ftrceii, and leaves a .rold 
button. 

{(>) In glass tube gives a bUek sublituate of telluninn 
and a stable sublimate of lelluuc acid which 
when hot is yellow and when cohl white. N() 
gold button. 


«ilv(M-while. Cleavage p('rtec(. 
Metallic In.stre. 
iSp. Gr.^ 7-9 S :h 
H '2-r>. Cryst. .Sysl, Mono- 
syin metrical. 


((/) Cpon cJiareoal in Ihe o\idi/,iiig llame .m\cs a 
Mlver-goJd button somewhat lie.u ler than with 
ealavei ite. 

(6) In ftlass tube gives a siihhmato of telhine a( id 


•!*'omew’hat more yellow tlian syl- 
vanite. Metallic lustre. J)is. 
(met cleavage. 

Np. (tr. -aimve 8 ;15. Crvst. 
Nyst.: Rhombic. 


Deeieiidafes violently before the lilmiinpe, hein.. ,n 
tins illstingnisluvlilc ftoin sylvanite vvhteli it often 
resemblc.s. 


yteel-gicy |o iron-black. Metallic 
histr<‘. No cleavage. Conelioidal 
Iractnn*. 

'Sp. <Jr. 8 17-9-4. Cryst. 
(Syat. - Cubic. In appoaranco 
greatly K'seniblcs coloradoite. 


iron-black. tVinehoidal fracture. 
Metallic lustix^ No <'leav<ige. 
iilacdv. iiietaJIn; streak. 

Sp. Gr. -H b27. 

H .2 5. Mas.sive. So simi¬ 
lar in appearance to [lel/ite that 
ehemical t(‘st-s are generally 
needed to distinguish one from 
the other. 


Ipon charcoal in the oxidi/mg fb.me gives a .small I 
! white inciustation ami imparts a slj'dit hhiish- ! 
green colour lo the llame. With sodium ear- I 
hoimie a white nnilleahle liiitton results ivliieh in ' 
ndrie arid heeomes a golden-yellow. C'alaverile ! 
anil sylvanite give ii linjton vvithont the neecssity ' 
of adding sodium earhonale. ‘ I 

(u) Upon i-lnneoal completely volalih/es with the I 
formation of a whit<‘ incrustation, the llame I 
being coloured an intense bliush-grt'en. I 

(0 In glass lube fuses (o a black liuttou, gives a I 
sublimate of mercury beads ;uh 1 a sublimate 
miieli less ^olallle of telluric aci.l winch wlieii I 
hot IS M'llow and when cold is white. With a ' 
laigei piece a bl.ick sublimate of tellurium is I 
also obtained. i 


Lcad-grcy. 

iSp. Or. s-8 (17 8 5(1. 

-H 2 5 Cryst. Sy.st. - (' 111110 . 

Load-grey. I'erfoet eleav.tge in 
three directions at right angle.s. 
tVyat. Sysl. Cnbie. 


.Slinilai to pelzite, lint vvdlllu Imtton eoinpletelv 
soluble 111 nitne acid. 

Lead and tellurium reaetions. 


<’'col., lU0™p'’369^''*™* Kennlnis der nntzlialeii Lageraluttpn Wostaiisiralicais,' Xiil. /. 
lliiitze, Lehrhnch der Minrraiu'jie. 

Febru'a/y ‘ Auatrahan 'I’ellundo-s,’ i}Mn,j 

VOL. I 


prakf. 


azine, 


0 
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The tellui'ide Rold ores may be divided into two classes accordin'; to 
their colour, on<! bein;; lieht and the other dark. Of the former the 
most important are sylvanite, calaverite, and krennerite, all of which 
have tlie general formula AuTe,, the gold in each case being re()laced 
to a varying e.xtent by silver. Krennerite may contain as much as 31) 5 
per cent of gold, and sylvanite 21 per cent, while the silver may reach II 
per cent. T'hese ores, wdiich in their chemical composition arc so nearly 
identical, may be distinguished by their cleavage. Sylvanite, known also 
as gra})hic tellurium,has a perfect cleavage in two directions in consequence 
of wdiich it is easy to recognize ; krennerite has an inqicrfect cleavage ; 
and calaverite is without cleavage but has a conchoidid fracture. Among 



Pl(i -Fii-I- ;2 :oM (\slilti“) .1'' '■|)i‘cks 111 till- lowpi liiill o( the lllilstliition, ainl :is it lillii) 
rovi'iiiij; 111 till- ii|ii)i-r h.ilt , iVom tin* /out- dI it ti-lliiililt* loil»*. (lu-iit Hoiihh-i iVi- 

se\ iT.inpp, Kal.trooi'lii*. (Jollfctioii. (ii’ol. Iri-rliii. 

the dark telluridc ores, the most common is petzite which ha.s the 
formula (Ag. Au)/rc. With this mineral also a large jiortion of the gold 
is generally replaced by silver. Nagyagite in addition to containing gold 
and tellurium, contains also lead, autnnoiiy, and si.l|)hur. These two 
dark ores may be di.scriminated by the miked eye, |)otzite by its con- 
choidal fracture, and nagyagite by the ease w ith whiidi it s|ilits into Hakes. 

The comparatively ea.sy differentiation of the light and da.rk telluridc 
ores in the above manner, is complicated somcwdiat by the fact that petzite 
shows great resemblance to coloradoitc, the mercury t.elluride, w’hich occurs 
frequently in some deposits. Both are dark and both have conchoidal 
fracture, but a trained eye will recognize coloradoitc by its bronze lustre. 
Also when heated on charcoal before the blowpipe coloradoitc is entirely 
volatilized while petzite leaves a gold-silver button. In the statement on 
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pp. 80, 81, the most imjjortaut churactcristios by whicli the tlill'enMit 
telhiride gold ores may be distinguished, have been assembled by 
Ivnisch from the works of Sjioncer, ffintze, and others, 

The decomposition of tellurido. ores in the oxidation zone of dej)os.ts in 
which tliey occur, releases free gold in very cliaracteristie. form. It ap|)ears 
‘eitlier earthy and of a brown colour, or m sjiongy aggregates of extremely 
small and well-formed cr^y.stals ; or again either as film-like mimilely 
crystalline coatings, as bright specks, or as llaki's, this hast condition 
being illustrated in Fig. 89. hhee gold with such characteristics as these 
occurs only with the gold-telluride deposits. The brown colour which 
the country-rock a,ssuine,s as the result of decomposition facilitates the 
recognition of the tree gold simultaneously liberated. 

The correct recognition of the oxidation zone of tlie,se de|)osits bv the 
above-ineiitioni'd characteristics is also of great importance in making a 
valuation of any particular deposit. In We.stern Australia for in.stance it 
has been the experience that the oxidation zone of the gold-tellnride lodes 
is poorer than the primary, poa,se.ssing sometimes only one-hall the, gold 
content. As will be mentioned later when specially de,scribing these 
occiirrenoes, no cementation zone is found with them. 

It is only within the last few'years that gold-selenide oresliaveattracted 
attention. It has long been known that every tellurido ore contained 
selenium more or less, but gold in association with .selenium, occurring 
in such (piantitv as to con.stitiite n.sefiil ore-deposits .such as for instance 
tho.se at Redjaiig Eebong and at Eeboiig Soelit in Snniatra, is a more recinit 
experience. In conseipience of the lineni'ss m which this ore is distributed 
in the (|nart.zose gangne at the two mines mentioned, it has not yet 
been foniid po.s.sible to determine exactly and in a manner free, from 
objection, the nature, of tins association. 

2. PJtiliniiin- i(n<l (hiniiiDi Ores. 

Native platinnni is only known in the unaltered coiidition, tllongh it 
nearly always contains iridium, rhodium, osmium, and riUheniiim, with 
some iron. Its atomic weight laiiges between 14 and 19 and its percentage 
content varies accordingly. .All that which has hitherto been won has been 
obtained from gravel-deposits. It is known also to occur in the primary 
condition, though in unprolitabic amount, in magmatic .segregations of 
• ba.sic eriijitive rocks. Since the, ap])lication of metallic nsinium in the 
manufacture of electric lam[i.s native platinum in addition to native 
:Osiniiiin and osmo-iridiuin, has been regarded as an osmium ore. 

; The ansenide of platinum, sjierrvlite, PtAs,, occurs only as a miiiera- 
,logical curiosity. The small but constant amount of platinum alw^iys 
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present in nickeliferous pyrrhotite is mentioned more particularly when 
describing those deposits. 


d. Quicksilver Ores. 


( Il(-Illl( <)I ClllllpOsltlOll. 


IN'ii otit.ijfr Cohfctit 


: ('innabai, stahloiT:, li-bcicr/, 
j koralNitierz, ulrialitr, nu'ta- 
I cinnabantf 

, Qviicksilvcr-lotrahodiite 
' QuickMlvoi . 


\ Ill'S, soinolimcs with moiv or 
I h‘ss bitumoii 


(41 (A^.CiJ or IIi;)..S(Slt orAs),^S J ^ 
\ 4i(l<V, Zn)S{Sbor Asy.Sj' I 


Hb 2 HI ))uif 
ciiinabar 

UiKlotc'imuK'd 


The priiU’i|ial ore though it may not always be jn’imarv is (piicksilver, 
which mineral, a.s illustrated in Kigs. 90 and 91, usually occurs m cracks 



Klo 90 —Spotv ot (uuial.aj iii (‘iii l)(iiiitt'roii> s.iiKl>>t>nii', tin- u'siilt nl Imth poi ami 

iiu'tasOMi.iti'' NiKilovka. EKuti'minslav. (lollrclion, (Ji’a/. l.ifiti/rsnii--/., bmliii. 

and rock pores. Hepatic, ([iiicksilver, idrialitc, etc., which are admi.xtures 
of cinnabar and bitumen, arc likewi.se primary ; (piicksilver tile-ore is 
similarly a mixture of cinnabar and dolomite, (^uicksilver-tetraliedrite 
appears chiefly as an important cementation ore above .sul)ihide deposits, 
though it may also occur to a small extent as a primary ore. Cinnabar 
itself, occurs secondary near the surface of such dejiosits as carry ipiick- 
silver-tetrahedritc in greater depth. Native (piicksilver ajipears chiefly as 
an oxidation ore at the outcrops of dejiosits of cinnabar and (piicksilver- 
tetrahedrite, or immediately at or in the neighbourhood of (bstiirbanccs 
afffteting such deposits; with other metals it forms amalgam. Meta- 
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ciimabarito, which is the black ninditication ol cinnabar, occurs too rarciv 
to allow any ficncral statement to lu^ madt! concerning it. 

It is of im))ortance to bear in mind that the occnrrencc of cinnabar 



l'’i<; 91 - -((tbuk) tilliiij^ ci At k-- in 'I’l i.issu- lii!it.'8toiie. Bfi’clii iicnr 'I'aifiooiia. Sjniiii. 

('(.tlli’ction, </(’«'/. J.iiiiilrsinisl , }>i.*i']iii. 

in the oxidation zone is not siifiicient in it.self to demonstrate a |iriniarv 
dcpo.sit, .since in >jrcater depth (piicksilver-tctralicdrite, or some other and 
rarer ore of merciiry may occur. The occurrence of native (|nicksilver at 
the surface i.s attended with the same possibility. 


I. Silirr Ores. 



< '!»‘IiIHm1 I 'lllllposltlllll 


oali'D.i, s|)linlciiti’, 
jiynte, clialcociti-, clialcop) iil(‘ 

i 

1 

Vai iablv 

Native .mK cr 

Ak 

72 

Aryi'iil.jli' 

As; ,8 

87J 

DlsklHMlf 

A^.ISI) .' 

(U :i 1)4 1 

Ar.^cn-siKcr 

.a-A.' 

1 


(Af;l'll),8l)S, 

r>l 72, Cu .3-10 

Stcphaintr . 

Am,8I.S, 

()8-4 

Ari'i'iil it<'i()U'«. (flni lied Pile . 

i(ru,A^,.i'c/ii).s 

to .32, Oil to 38 

Stiom(‘yri itc 

((■iiAe),.s 

33 !, (’ll 'U-l 

Byrar^'Vtitc . 

Afij.SlilSj 

<>0 0 

Prou.-^tJtc 

ACjA.sS., 

ti.7-4 1 

(k‘rai’gynt(' .... 

Act '1 

75‘2 j 

lironuirgyntf 

AuLlr 

.774 t 

lodyritc .... 

Aal 

to 4.7 1) 1 

1 

In this statement those 

ores characteristic of the 

primary and the 


cementation zones arc }>;iven first, while those of the oxidation zone arc 
placed at the bottom. It is however important to remember that some of 
the, first may occur both in the primary as well as in the cementation zone. 

The most freipient primary ores arc arfientiferons galena, sphalerite, 
and pyrite ; native silver is primary to a smaller extent, and still less oTten 
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do tlie other H\il])liides, iintimonides and arsenide®, occur in the jeriinary 
zone. Tlie cementation ores are native silver, argentite, diskrasite, aivsen- 

silver, stephanite, argentiferous 
tetraliedrite, pyrargyritc and 
proustite. The large oceuirrenccs 
of the two last ores for instance 
are fmjnd in greatest part within 
this zone. The ores of the o.xida- 
tion zone are cerargyrite, which 
occurs very freepiently and, 
though in smaller amount, native 
silver. Hroinargyrite and iodyrite 
are rare and postulate certain 
special influences acting u]>on the 
]n'iniary oiv, a. subject more fully 
discussed in the chapter dealing 
with the fonnatrou of minerals. 

Argentiferous galena, from 
which practically twoThirds of 
the entire silver production is 
obtained, occurs both as primary 
and as cementation ore. While 
in the first condition the silver is regularly distributed and assays as high 
as .hdO grin, per ton are rarely obtained, in the gahuia of tin' cementa¬ 
tion zone native silver occurs in addition liHing. as illu.strated lu higs. 11’2 
and l.'i'.l, all the cracks and crevici's so that assavs of Id kg. and more 
are reached. 

In view of the great difl'erence of metal conti'iit between the dilTerent 
zones, the correct recognition of the indicator ores is of the greatest 
importance. 


Kill. ll'J.—SL'ooiulit\ ^llv(•r (liii-^lit) upon tlie yletiviigy 
plaiif". <)1 f^aKiia Ikuii the oeiiitMil.itiuii yoiu-. 


• 0 . fjcad Ores. 


('ll)’IIIII .il ('milpile'll imi. iT-ii pnt.u'f < 'miti-nt 


(•alf'na . 

BoulaiiKontf! 
I^ounionito . 
Jarut’sonito . 
(Vriissitc 
Aiii'lfsito 

PhosgonUo . 
l*yrf)np>r[)hit.o 


PbS 

I’l'sdlvSlI 
(1'1„ ('u,),Sli,,S„ 

in)( •(■),, 

Ph,('l(A.s 04 j, 


I K() (). Ag 0 0:5- 0 1 
I gunnallv 
r)54 ■ 

42 <), ('ll 14 
r>0'H 


nn •> 

71 2 
To-H 
G‘J G 
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In tliis list also the ores are arranged from primary ores at the to|) to 
oxidation ores at tlie bottom. The oxidation ores include ))yromorphite, 
minietite, pliosgenitc, anglcsito, and ecirissito. Jamesonite, boulaiigerite, 
and bournonite, are to be considered as cementation or(>s though in one 
and the same, ocenri'ence they may also be found in the y)rimury zone. 

• Similarly though tlie typical ore of the |)riniary zone is argentiferous galena 
that ore, as mentioned under silver ores, may also occur in the cementation 
zone.' * 

If the lead content oidy be considered, then experience in lead 
deposits does not allow it to be said that any material migration of the 
metal content has l.a.kon ydace. The ores in the oxidation zone have still 
a high content while those of the cementation zone ai'e actually jioorer than 
t.hose that are primary. The recognition of the ores characteristic of the 
different, zones is therefore imjiortant rather on account of the noble metals 
[iresent than because of the lead. 


(i. Znir On'S. 


OlCN 

< 'Ill'IIIK ,ll < iilll|nis|t pit) 

1 'mih 

S|)li;il('ii((' . 

(Zii, I'd. .Mn, (■.1)S 

50 07 

I'lfinklmilc 

(ZiiMtOh.O, 

(>• 20 


/llO 

72 SO 

Wlllruillt 

Zii.iSiO, 

58 5 

Hciiiinioi pint(“ 


54 2 

('jil.iiniiM* 

ZriCO, 

52 0 

Hytlro/jiintf' 


(>0 0 


W ith zinc ores a differentiation according to genesis is first necessary. 
W'hile sphalerite ayipears in deposits of whatever genesis, franklinite, 
zineitc, and willemite. are pvactieallv limited to the coiitact-deiiosits, one 
occurrence being illustrated in Fig. ifff, leaving hemimorphite, calamine, 
and hydrozincite. i,o occur to a large extent in nietasomatic depiwits. 

The closer study of the nietasomatic zinc di'posits shows that the ores 
of these are in greater part secondary, as illustrated m Fig. fff, and that 
they represent, as it were, the o.xidation zone of deyiosits often unprofit¬ 
able ill their primary .sulpliidc condition. They may accordingly be 
regarded as oxidation ores, though it must be remarked that in such 
mctasomatic, deyiosits the limestone undergoing alteration passes directly 
oyer to the carbonate or the silicate of zinc. A secondary character to the 
ores named harmonizes moreoyer with the fact that they are also charac¬ 
teristic of the oxidation zone of the suliihide. zinc lodes. 

Zinc ores may therefore be divided into oxidation and primary »rcs. 
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Fk;. 93.—i’jui'Rry /inoitp (lilark) iti the t-iiKt.ninoriihic liriicslonc orFiankliii Funiaoe, 

New Jersey, ('ollcctioii, (ifvL Heilni. 



Fni. 94. - Metasoiiiiitically foinied seluileiiltlendc (wliite with {^rcy stupes) alteieJ, excejit for 
soiijy fiagiiteiits, to sniithsoiiite. Oxidation zone of tla* Sehmalgraf luine near Aachen. Collec¬ 
tion, /.U7uh'.‘>>ntsf., iierliii 


Typical ores such as would constitute a cementation xoue have not yet 
been observed. 
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7. Copper Oren. 




CujiriftTous ])yiTto and jiyi rtiotifi' 
Clialcopynti' . 
l^ativo oo[)jK'r . 

Clialeoeito 

Tctrahediiti' 

Bornito 

Atacainito 

Azuritc* 

Malaohito . 

('liiyHocfilla 
(^iprik- 
Mciucomto 
(Vtvrllitr . 


i heiniva! ('^)ml>^•^ltnnl 1 

('(intent 

V'anable 

Vaii.il)li‘ 

('uh'eS., 

:u r, 

Cu 

to loot) 

CiijS 

7!) s 

4( 'u.,S. Sl).S, 

:u) of) 

(ki.^FcST 

55 5 

( ’ut'I>. ‘Uhj(()H)., 

504 

2('ii(‘(V’u(0ll)“ 

55 2 

('u(,'(),Cn(()ir), 

57 4 

H,( 'uSiO.ll^o' 

22 \ m 0 

ClL.O 

SH H 

MarJhy oxide 

V'.ll table 

('uS 

(it; 4 



Fkj Ofi. -Primary native cojvper (wliiU- iunl Kiey) iii vmiis ami wsiiule'. iii nielapliyre. 
with epulole and ealcite. Lake Snpeiior. Kiankiiii ninic, Houghton LV)., Miclii^aii. Cnlhctnm, 
Laitdcuanst , Berlin. • 
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Cupriferous ])yrite, a inecliaiiical mixture of pyrifcc. and chalcopyrite is 
the ore most widely distributed. After this come cupriferous pyrrliotite. 
and chalcopyrite ; and tlien, thouj^li more nnusnal, native copj)er a.s illus¬ 
trated in Ki^n 95. Malachite, azurite, atacamite, chrysocolla, cu])rite illiis- 
trat(‘d in Eig. 90, and melacouite, all belong to tin' oxidation zone in which 
also covellite and, as illustrated in Kig. 97, native copper may occur, though • 
much more seldom. These ores generally ('ccur as im|)rognations and 
fracture linings, so that the cojrper content as a'rule is small, reaching at 



Kill. DG. - f'liul'-opynt**, ;lI the jinictioii of llir oxid.ilion /dtic uitli llii- l•(•Jlu•Iltal|ou zoia* iii 
process ot 'Irconipositiou to riij)ni<' and niRlricliite. Saiil.indn, (’uIuiiiIh.i. 

18 time- 

('(), Kcnit'K ol ( hall opj u(<, rim i.iiijx.xril aMJiimi out Iiim's , (h)^ iiial.icliil f , (<), ciipi ito 


most onlya low percentage. The tyj)ical cementation or“s are chalcocite, 
chalcopyrite, bornite, and native copper. These at times occur in hirg(! 
(quantities, a fact j>aiticularly distinetivr; of tin' cementation zone of 
copper deposits, which zone is illustrated in Kigs. 98 and 99. The three 
first named of the cementation ores often, and native copper exceptionally, 
occur as primary ores. The position occiijiied by ti'trahedrite has not yet 
been definitely settled, experience .so far would indicate that it occurs 
more jiarticularly in the cementation zone. 

In conseipiencc of the ease with which cojifier ore.s go into solution, the 
dec(Kuposition of the iirimarj' ores and the resulting migration of the metal 
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contnnt arc as with fjold ores factors of considerable nioiiient, especially 
as the dill'erences in the metal contimt of the different zones are e(pially 



I'k;. 98 —('li.'ilcoji}iitc, .sIkhmii;; niRigiiml (lecoitipo'-itioii, ceiiipiilcd tlirimglioiit p\i'ito ; 
Itom tlic ccnuoitatioii zone, Rio Tmto. Magiiilicd 18 times. 

{(/), Chalcoioiite : (h), pjnte, (t>, rahiti- 


stroiifily marked. The proper appreciation of the ores characteristic of 
each zone is often therefore of the greatest importance when making a 
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viiliiation of a ropjx’f depotiit.. The; (|uestion as to how deep a deposit 
of rich co})per ore may be cxjx'cted to (!xteiid depends a "ood deal iijion 
observation of these iiidicator ores for an answer. 


S. Iron (hvn 


Ore 


CIUMtlirjil 


I’fli ftilairo < 'ontfMif 


, Magnotiti* 

! IIii*niatito ) 
i S])oonI.an(i' I 
Liinonitc 
Siih'nU' 

('hiiinoisitf' . 
Thunnuitf . 

('lay IroiiNtono 
Hla( kliainl Ironstone . 


Fc,(»3 

2Kc,().,. 2H.(> to 11,0 

Vvi ’O,, 

Hydrous forroiis ahirmniurn silicali' 
H v(Irons tcrtic alinnimum silicatt* 
lla'inatiU* and sidcTit<‘ wiMi clay 
Sid(*iitc uitli clay atul carlxati 


7241 
70 dO 

to ()0 
4H -A 

2s :n 

22 40 


Iron ores, u.s i.s to be seen from this table, mayb(! divided into oxidized, 
carbonaceous, and siliceous ores. Tlie most important of them all is 
magnetite which, as |)roduced, generally contains 70 per cent of iron. 
Afterwards follow liivmatite, linionite, siderite, and the silicates. 



Flo. 99.-—IJornitf;, iitc(as<iiiiali<;dl\ rcpliiciiiK clialcopyidc rcpic'scuitcd \>y the con* m 

the rentie Mmitc C'afitu, Vhd di CVciiia. T.i'^cany. (Iniicctioii, (iro/ Lamlrsanst., Ih-rlin. 

The oxides and hydratexs being very stable are little prone to alteration. 
Although pseudomorphs of specularite after magnetite and magnetite after 
specularite are known, and also the alteration of limonite, to hamiatite and 
the Tevfjrsn, such .secondary action brings with it no important change in the 
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iron content. When oxidized ores tlicrefore arc found in workings near the 
surface the possibility exists that they will also be found in the primary 

zone. With siderite _ 

the case is different. ' ' 

This mineral in general 
* is limited to the pri- Vi 
mary zone since, as 
illustrated in Figs. 100 ' 
and 101, it tends at 
the surface to form 
limonite or less often 
hamiatite. JJeposits of 
this ore arc in conse¬ 
quence at the surface 
generally repiesented 
by limonite, the. red 
colour of the gossan in 
such cases being due 
not to luematite but to the red hydrate. It follows therefore that limonite 
occurring near the surface may be but the oxidation product of sitlerite. 
existing in depth. As the difference in iron content between these two is 





lOO.- S[<|i-iitr ihkflit) ; 
St'in-li aiul ScliuiK'lH-i'kT iiiiiic, 
l.inuh'siiii'.t., Berlin 


ttvei to 
Ileal SwKi'ii- 


li.einatile (d.iiK) 

('olleelioli, I.V'h/. 



Kill. 101 —liimomto, represented liy llie daik Bordet, 1‘ormetl I’idiu sidcnte, represente<l liy tile 
lifflit core ; Ironi tlie oxidtitioii Aone, Kaiiisdorl'. (tolleclioii, ( u ’ k }. Berlin. 


considerable, there is a possibility that the content of the primary deposit 
will be over-estimated if the limonite found at the surface be not recog¬ 
nized as an oxidation product. The most general indications of 
secondary character are a porous and drusy structure and the occurrence 
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of stalactites, these being due to the. fact that the hydrate occu|)ies a 
smaller space than the carbonate. The occurrence of limonite as a 
decomposition product of |)yrite is discussed oii p. 101. 

Chamoisite and thuringite are. also primary ores. They are seen 
at the surface only in peculiarly favourable circumstances since, a.s 



Fk; 102. - * ’liiunniMli', U'locsriitcd by tlio Oat k touml < duo ))iis>iti^' ttviT to liniomlc aioniol l^^ 
IiorOer^ : trom tlic t)M<i:itioii /one, Nnovic iii l{olieiiiia ('olltu tion, (im/. , Jtriliii. 


illustrated in Eig. 1(12, they pass readily to lucmatite and limonite. This 
tendency on their ])art makes it j)ossible that with them also the primary 
ore beneath may be over-estimat'’d, though as they generally ociuir in 
beds and the residting o.xides often retain the oolitic and earthy struc¬ 
ture cliaracteri.stic of these ores, there, is usually sullicient evidence that 
the primary ore is neither liieinatite nor limonite. 


9. Minii/iini’se Ores. 


( 'IkmiiIi al ('oiitito'il loti. 


I’cii (■lil.i''<' (diilciil 


i’siloriu'laiu! 
Polianiti; . 
Pyrt^IiiMle 
Mant/finilii 
Br.iuniU* . 
Hausmannitf . 
Rhodoiiiti’ 
Kliodochrosit.f' . 
Wad . . 


wTlIi .Mid), Ru‘) <i! 

K.u 

1!) i;2 

.M?i(), 


2 

Mid)^ 


to (>:t 

Mn,(),. H,() 


()2 5 

(Mil, Ua){Mii, Si)(), 


to (>!) 0 

.Mn ,<), 


72 0 

MnSd 


(1 0 

Mn('<)‘ 


17 2 

MnO^, n.MriO with 10 15”, 


Variahlf. 
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It is sect! that man<);anose ores jnay be divided into two croups; oxnles 
and hydrated oxides: carbonates and silicaitcs. Of the first, psiloitielane, 
|)oliaiiite, and pyrolusite, are the most fref[U(‘nt while niaiipanite, hansnian- 
nite, and wad, occur more sparingly. 'I'he oi’es of the second ^roup have 
naturally a materially lower nu'tal content than the oxi<les. 

With the possible exception of wad all the ores named may occur in the 
|)rimary zone. While however rhodonite and rhodochro.site are limited to 
that zone, the otlier ores may also, as the products of these, two exclusively 
primary ores, occur in the oxidation zone. W'lien oxides or liydrated oxides 
constitute the primary deposit, no characteristic ores are formed in the zone 
of oxidation, liecause of the stability of the primary ores in those' cases. 
Deposits therefore exhibiting these ores near the, surface may [irovc also to 
contain them in depth ; the, jeossibihtv is however pre.sent, especially svheu 
the ore is drusv,that in depth they may |)ass to the carbonate or the silicate. 

10. SK'kt'l Ore.f. 


<.ll ( oJtllXKit loll I’lMi CIlt.ltD I'olllr'llt 


iNicki-lifcroii^ pytT liotitr .udI |)\ m(c 


to .■) 0 and more 

(l.unirritc .... 

1 Ihdioii'' MM ke|- \ 

( nutoiicMum sihciite / 

to 20 0 

l‘nM<‘li((‘ 


\’.u Lible 

Sf-liii(‘}i.ii(|it(“ 

,, 


<'lilii.int liiti' 

Ni.As. 

2S 1 

(ici^tb.illifr 

XiA'-S 

3.') t 

>*n oolite . 

NiAs 

1.3 !t 

Aiiii;il)erj;ile 





Kiir. 103. rmielitc veins foniiod by lab'ial sccn-tiDii in <U‘conipObi.‘d seriicntim. 
Finnkpii.steiii m Silesia. CulU-otioii, iit’ol. licilin. 
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I lie uiffereutiation of nickel ores according to their genesis is more 
important than that according to their horizon in any deposit. Oaniierite, 





Fni. 101.—Sill.iltite \fiii (d.uk) riRitainiiix 
im-colitf ('lark ) ainl ''iiiallitr (lit,'lit kfri'vl, 
ami it.M-lf contaiiic'l in iloloniitc ami c.ili.iti. 
Hyilmcln'iiiKMl {illitar. CoOaK, Caiiaila. Col- 
leolioii, iivi’l. Ldiiihwiiiisl Hcilitt. 


pimelite, and schuchardite, are 
hydrous silicates of inagncsiuni 
with very varying nickel content; 
their occurrence, illustrated in Fig. * 
103, is limited to veins in serpen¬ 
tine. Olfloanthite, gcrsdorlTitc, and 
niccolile, occur only in normal 
fissures similar to the lead-.silver- 
zinc lodes, one such nickel occur¬ 
rence being illustrated in Fig. KM. 
Deposits of nickcliforous jiyrrho- 
titc and jiyrite- the nickel con¬ 
tent of both being due almost 
entirelv to a mcchanieal and ex¬ 
tremely fine admixture of pent- 
landiti' the sulphide of nickel and 
iron occur only as magmatic segre¬ 
gations in basic eruptive rocks. 
'I'he occurrence of such nickel 
|)yrrliotite is illustrated in Fig. 
105. 

Coiicerning relation to the oxiila- 
tion and cementation zoni’s the fol¬ 
lowing may be said. Annabergite, 
the hydrous arsenati', occurs only 



Flo. 105. - Ni(;k(*l-j»}nliotitc (<l;iik Id nlm k) ami clialcopyi iIp (liglit iuRKiiiaticitlly 
8Kparatf‘<l in ainpliil'ohte. fiirlrmli- iiiiiip, SmlOnry, ('aiiaila. Collpclion, Laidicsanaf,, 

liDilui. 


as a filmy coating, the product of the oxidation of arsenide ami sulphide 
oro«. Where an oxidation zone exists with a deposit containing such 
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ores, a mixture of iron oxide, manganese oxide, and the ()xi(ics of nickel 
and cobalt, is usually found, though as such mixtures are comparativ(dy 
rare it is probable that they require some special circumstances, say large 
(luantities of water, for their forma¬ 
tion. While among the hydrated 
•compounds containitig nickel and 
magnesium no ores are known to be 
limited to any particular ‘zone, it is 
nevertheless the case that under the 




Jf! t 





W- 


r 


deposit of garnierite at Malaga 
magmatic deposit of niceolite was 
found, a specimen from which is 
illustrated in Vig. 10(), At Franken¬ 
stein in Lower Silesia also, it was 
recently held that a mixture of 
sulphide ores might, as the result 
of their decomposition by thermal action, be the source of the silicated 
nickel ore found there. This has however not been confirmed by later 
observation, and to state, that the hydrous nickel silicates in general were 
the oxidized or decomposition products of nickel arsenides, would there¬ 
fore be going too far. 


Fid. 106 . — Ni>-'(tliti; (lijilit) iiittgiuatifiilly 
so]taratfil ni a mixture ot pIagiocIji.se ciml aiigile. 
Los Jar.ilcs near C.ti atraca, Malaga, (.'ollet.tioii, 
(it'll/, Jterliii. 


I I. Colxd/ Ores. 


('ol)alt-Hrsem»]iv'rilo. 

<'ol><iltito . 

Linnauto . 

Skuttenuliti' 

Smultile . 

('olialtiforoiLS pyrrholito and pynte 
Asholaiie. 


Clieiiin at romposilioii 

(Ft‘( •<>).A^S 
(oAsS 
(('oXi),S. 

CoAs, 

CoAs, 

t ( olialtifeioiis decoMi- \ 
\ |)dsilion jirt)tlii('( / 
( n,As.()„.SH,0 


eiilage Colifenl. 


i;-2o 
X> 4 

Vai inLle 
20-7 
2 S -2 
Low 

V;inal>le 


I As may be seen from this table the ores of cobalt like those of nickel 
'nay according to their genesis be sejiarated into three sharply defined 
roups: first, the arsenide-sulphide ores such as cobalt-arsenopyrite, 
obaltite, linnseite, skutterudite, and smaltite, which occur in normal veins 
nd also, as illustrated in Fig. 107, in imjiregnated beds of crystalline 
hist; second, the oxidized ores, such as asbolane, which, as illus- 
^ated in Fig. 108, occur in veins in serpentine; and thiid, cobalt- 
erous pyrrhotite and pyritc, uhich have their origin in magmatic 
ifterentiation. 


VOL. t 


H 
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In relation to surface decomposition cobalt ores stand in much the same 
losition as those of nickel. Erythritc occurs entirely as a filmy covering 



Kig. 107.- Piiniary eolialtito in cr}tvoni tlio Skulloriul mini' uenr Moilnni. 

(’ulli'ctioii, <u:<)}. Hi'iliii. 



Fra lOS.—Asbolane (lilnck iunl duk j^rov) in <l( iT)ni]»rise<l spiiicntiiii' (\\liit,<- ami li^'lit gn-y). 
Portion of an .asbolam; vein from Xi-w (!a)toionia. (/nlliclion. (leof. Pi'ilin. 


over the arsenide-sulphide ores, of which ore.s the typical decomposition 
pr»duct in the oxidation zone is a fine powdery mixture of iron and cobalt 
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oxides. This mixture occurs however comparatively seldom, probably 
because its formation appears to depend upon the action of large quantities 
of water. 


12. Chromium Ores. 

Practically the only orj; of chromium is chrome-ii-on or chromite, which 
has the composition (Fe, Mg)(Cr„, Al„, Fo.,)0| and usually contains from 



Flo. loll - (.'liioiiiitt' (dark) \Mtli siipcks ol iiiccolitp (wluti- spot'') in MTpeiitinp at Sant.i 
«li’Aj'uas, Mcikii^n. (‘oUt'dion, (»'<<'/ Hotltn. 

.‘io-o to 10 per cent of chromium. This ore is characterized by its great 
resistance to atmospheric decomposition m conse<pience of which it is 
](articularly |)rono to occur in gravel-deposits. 


l:f. Tim Ores. 


I}ies 


( lipinit'al Cntnp't.silioii. J‘ere(*ii(ago . 


('as.sitf'i'itc, ineliuliiig wood-tin i SnO, 

Staiinitc . . (’ii_,F(.‘SiiS, 

; Sleinniforou.s pviitc . . . ; 


78 (i 
'll I) 


I 


With the exception of wood-tin these ores are all primary, though while 
cassiterite because of its great stability neither forms any secondarv 
minerals nor allows any subsequent migration of its metal content, stannite 
and stanniferous pyrite on the other hand a})pear to undergo changes 
similar to that of cupriferous ])yrite, from which changes it is considered 
that wood-till results. W'ood-tin therefore represents the case of secondary 
tin enrichment. 
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i-Iii. no.—(JasHilonto (iliiik) ami stimiiifeions jt>rite (light), rrimar} oic hotii the Bolivian 
lo(le.s. Avicaya, North Bolivia. Collection, HeoL Landeaanst., Berlin. 



I'lc. HI.—C'a.s.sitfntt' (dark) d^s^emmatcd m gremeii ; puiiiary ore liom iieyer.sherg 
near Ceyer. Collection, (Jcol. Landcsansf., Berlin. 


M. Ih-'iniHlh Orea. 


<'heiiii<a[ rom- 
pOMtKin. 


I'l'iifmil. 


Bi.sniuthtnito 
Ntitiv'o biainiutli 
Bi.smito 
Bi.smiithitc . 


B,A 

Hi 


Bi,A 

3'i2C06. iiU_jO 


HI 2 
!>■) 91)!) 
8!) () 
80 82 


Although up to the present but little has been observed conccniirn^ 
secondary variation in the deposits of these ores, the inannor in which 
they make their appearance indicates that there are primary ores which 
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can be distinguished from those more likely to be secondary. Among 
these comparatively uncommon ores bismuthinite is the most frequent, 
and without doubt it is in most cases ju'imary. Bismite and bismuthite 
on the other hand are oxidation ores occurring in greater part as thin 
filmy coverings deposited upon otlier minerals. 


• I."). Anlimmiii ()rc>i. 


OlT'.. 

<'tuMiiiral f'<iiii|>osi|.f<)ii. 


StilimtD 

S1).,S, 

71 4 

(Vrvanlito 

SI >0.1 

7!) 0 

.... 

2SI)0.. ll.O 

71 5 

; SonarnioTit 1(0 . 

Sb.O, 

83 2 


In the case of those ores also, but few observations have been possible. 
The most common primary antimony ore is stibnite, of which .stiblite and 
valentinite are the oxidized jiroducts. Cementation antimony ores are not 
known although stibnite, similarly to galena., reacts on solutions of the 
noble imdaks ; for instance it precipitates gold in bright scales from a solu¬ 
tion of gold chloride. Although therefore no eeiiK'iitation ore may be 
defined in reference to the antimony content, this is well ])ossible in relation 
to the content of the noble metals. In such a case th(‘ stibnite would 
behave as galena does among the silver ores. 



1(5. Arnfiiic. Ore,s'. 



ClieiiiKal (’oiifiuisitioii. 

I’ficciildjiO (‘.intent 

Lolliimito 

I’cAs, 

72-8 

Arseiiopyi>t'‘ 

. ■ KeAsS 

4(1-0 

Oipimoiit 

As.S, 

(iO !l 

Hoalgar . 


7(t 1 

Native arsenic* 

As * 

1)0-UH) 

Arsenoiito 

. ' As.O,, 



The five ores first named in this table occur as primary ores, though they 
difier among themselves in the manner of their genesis. M'hile arseno- 
pyrite, Ibllingite, and native arsenic, occur ehietly in lodes, the larger 
masses of orpiment and realgar appear to be confined to contact-deposits. 
Arsenolite, the one typical oxidation ore, is only of subordinate importance. 
On the other hand it is established that arsmiopyrite occurs in auriferous 
deposits as a cementation ore with high gold (mnteut. Native arsenic occurs 
similarly in argentiferous de})osits, exhibiting itself in such circumstance 
cither in botryoidal form or in large liiiely-granular masses. * 
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Oies. 

Wolfraimto 
Schcelito . 


17. Wolfram Ores. 


(,'IieniR-iil ('oinpositimi. rt-rt-uiitaKc Content. ( 

i 

inF(‘W04 i iiMiiWO,, i lo75W()3 

CaWO, i toSOWOj I 

-J 


'J’hesa two equally important wolfram ores, since the more extended 
employment of wolfram steel, have heen the object of considerable 
attention. From the above formula it is seen that in wolframite, the rela¬ 
tion of the iron to the manganese varies, a fact which also a]H)ears to make 
itself evident in the var\'ing colour of the ore ; when rich in manganese it 
appears black, and when containing Tiiuch iron it i.s distinguished by 
being brown. Leaving out of consideration the very rare mineral stolzit<g 
I'bWO^, no ().\idation or cementation ores are known. From signs of de¬ 
composition which have been observed with wolframite, which signs consist 
in the. formation of a brown crust apparently of ferric, hydrate, it would 
appear however that this mineral is trot entirely proof again.st the decom- 
))Osing forces of the atmosphere and that conse(pientlv it is possible an 
oxidation ore imiy exist. 


18. 3Ioh/b(len,nm Ores. 


The only molybdenum ore is molvbdenite. MoS,. with (iO |ier cent 
of molybdenum. 


10. Uranium Ores. 


Ori's 


ClicttiKal <'()jii|ios,ition 


l’(Trctlt:ll'P CoTitcnf. 


IMtchbleiule . 
Uranium-ochro 
(.^opper-uranito 
(Jalfiuin-uraniio 


(Ui-i,),.;iU.,(>., 

L'ncert.aiu 

('ii().2(U<).)0.1V1-,.SH.0 


80-8.5(U(),)0 

V.ariiiblo 

(il(UOj)() 

(i3((I0j)0 


In addition to those mentioned there are other and rarer ores of this 
uncommon metal. As these ores constitute the raw material from which 
radium is produced they have all enjo}cd a much greater importance 
since the discovery of that clement. In conse(|uence however of their 
rarity and of the irregularity of their occurrence, very few observations 
relative to secondary alteration have been possible. 
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20. Thorium- and Cerium Ores. 

< lu'inical Coinpositmii ’ rcrcrnfjigo Coiitciil 


^ .Monazito 
[ ’Phorito 


((V, Lii, J-)i}I *04 with 'I’ll to 18 0"o TliO^and 3l-3('i'() 
( ThSiO, but Kfiienilly I, ui Tl.n 

I with water J SlulliO. 


Th(‘se two iiiiiierals, which pcrhajts can liardly bo classed as ores in 
the usual sense of the term since their treatment rests with tlie chemical 
industry, differ in their genesis, .Vlontizite. occurs in minute quantities 
as an accessory constituent of granite and also in dykes within that rock, 
this latter occurrence having been noted in South Africa. The useful 
tleposits of this ore are however without (‘xception marine oi' fluviatde 
gravels. 


Thorite, which occurs generally as minute grains in dykes of pegmatiti'- 
granite or syenite hut also as a curiosity in the apatite lodes of Norway, is 
now no longer worked for the production of thorium. The orange-coloured 
variety known as oraiigite and the dark-brown or black variety, being 
weathered and hydrated, do not agree e.xaetly with the theoretical formula : 
the latter su[)posedly represents a more adv'a.nced .stage in this weathering 
than orangite. 

W ith regard to cerium, there are no iin|)orta,nt oi'os worked e.xchisively 
for that metal liecause the greater numlier (d the thorium ores contain 
cerium at the same time, and in the production of thorium nitrate this 
also is recovered. 


21. Abimiuiuin Ores. 


.\l.()j. giljO .'lO 70 

.MjO., . Its) uO 70 

.y.i.AIK, 1283 

As mentioned when discussing the dellnition of ore, those compounds 
from which aluminium on a large scale is obtained must, according to 
(lerman usage, be regarded as aluminium ores, ll’liose mentioned above 
differ greatly in origin ; bauxite and diasporite are usually alterations 
of limestone in contact-zones and also to some small extent decomposition 
products of different basic eruptive rocks, especially basalt; whereas cryolite 
occurs in lodes in granite. The name diasporite used here for the first 
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time is proposed for a contact alteration product which, as indicated by 
microscopical investigation, consists almost entirely of the mineral dia- 
sporc and which contains only half as much water as bauxite. The ores 
mentioned are primar}^ and no secondary ores are known. 


'22. Siiljihiir Orr.s. 
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It has already been jioiuted out that although in rocetit years the 
residues after the roasting of jiyrite have been used as non ore, with 
sulphur ores it is the sulphur content and not that of the, combined metal 
which is of importance. The sul}ihur ores may be divided into two groups, 
thev are either snljdiides .such as jtyrite, or they are impregnations of native, 
sulphur in rock. All are jirimary, though chalcojnrite .sometimes i.s 
also secondary. By decomposition the jiyrite lose.s sulphur until at last, 
even though a good deal of cojiper may have been present originally, a jioor 
iron ore residts. jiracticall v free from co])]ier. That this iron ore has actually 
resulted from pyritc may be gathered from the corroded ajipearaiice of the 
country-rock, such corrosion doubtless being due to the sulphuric acid 
formed at the decomposition of the pj'ritc. 


11. (il..\N(!nE, Matrix, and Louks'i-ufk 

Those minerals which occur beside the ore in deposits are in England 
included under the term ‘ gangue.' More jiarticularly those which occur in 
lodes form the ‘ lodestuif ’ and those in any other deposit the, ‘ matrix.' 
The most common gangue minerals are ([uartz and clia'cedony. Wliilc 
formerly the wliite linely-crystalline, masses of silica occurring in lodes were 
without (juestion taken to be ipiartz, microscopic investigation- which, 
indebted not a little to the researches of Reck and Vogt, is entering ever 
deeper into the study of ore-deposits .shows that a considerable portion 
of the silica in these lodes is in the form of chalcedony or of a mixture of 
quartz and chalcedony. This is especiallythe ca.se, as illustrated in Fig. 112, 
with banded masses of silica. Opal occurs less often in this connection. 
With large lodes there often appears to be a regular arrangement of the 
chalcedony near the walls and the quartz in the centre. If such lodes be 
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considered as referable to the activity of hot mineral springs, this regular 
arrangement agrees with the results of investigation in the laboratory, ac¬ 
cording to which quartz scqjarates from solutions at a Itiglnu- temperature 
than clialcedony. Since the country-rock can but have a cooling effect 
upon the solutions the condition of lower temperature favourable to the 
deposition of chalcedony appears to be fulfilled near the walls. 

I he. appearance of tb^ (piartz in ore-deposits is not always the same. 
iSometimes it is milky white, sometimes colourless ; its lustre may bo 


a 



Km. 112.—AlteiniiliJig layers el (|u,iitz ainl clialeetlouy from the .st'leiiilerous goKl lode at 
Itedjaiig Lebong, Simiatra. Magmlinl 14 linies, (‘ollcefioii, Gi'oL Laihh'mn.sl.y flcrlin. 


dull, or it may be pronouncedly vitreous. The fracture too may be, con- 
e.hoidal or, especially when much chalcedony is present, it may be 
extremely fine-grained. Under the microscope, as illustrated in Fig. 113, 
lode quartz shows itself to be an aggregate of irregular and interlocked 
crystal individuals. Should a (piartz lode cross slaty country in which 
older veins of non-auriferous quartz lenses occur, the experienced miner 
can tell at a glance whether any piece of quartz raised from the mine 
belongs to the one or to the other occurrence. The older quartz is often 
pure white and vitreous in lustre, its whole ap|)earance being described by 
the English miner as ‘ hungry.’ 

Next to silica the carbonates arc the most common gangue minei’hls. 
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especially those of calcium, tnagnesiuin, iron, and manganese. 1 liesc do 
not always occur pure and each by itself, but more often together am 
in all proportions. Indeed tlio proportions between the carbonates ol 
calcium, magnesium, and iron, especially in those deposits arising fiom the 
metasomatic replacement of limestone, are so various that practically all 
gradations between those carbonat(« are re])resented. The cases in which 
siderite occurs as gangue have already been givgir on p. 7'i. 

Ilarite and fluorite come nc.xt in importance as gangue minerals. 



Fkj. 11 •}. l.oilc ijnartz of iiiiiiicrous iirt'jiular mnl intorlorkcd «ryslal iiMlivitliiii]''. 

<'.ilitorniii. 14 tiinr.s. CulIcctKin, ^V(V Ln/idi’Mimt , Berlin. 

Qiiait/ Ml potiii/ofl li^lil; dccoiiijioiml iiiati'i ml 


Both these minerals are also found indejiendently m deposits large enough 
of themselves to permit exploitation : but by far their wider occurrence 
is in small amounts in a large number of other dejjosits. Investigation 
with reference to these two gangue, minerals has shown that they most 
frequently occur where two such solutions nna't as contain sid[)huric acid 
and baryta, hydrofluoric acid and lime, respectively. At such a meeting, 
in consequence of their insolubility, they become precipitated, although 
hydrofluoric acid and baryta, the characteristic components of the two 
precipitates respectively, exist only in traces in natural mineral waters. 
The occurrence therefore of barite and fluorite in ore-dej)osits proves that 
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frequency of occurrence is not proportional to tlie extent to which minerals 
exist in natural water, but rather to the extent to which they are insoluble. 

The diflerent fianeues may be differentiated accordine to the cff'ec^t of 
their presence during the subsequent proca'sses of treatment, whether this 
effect be advantageous or disadvantageous. In general the mimn- and the 
metallurgist seek the removal of the gangue by enjicentration since the 
jTietal content in the ore Jo be treated becomes thereby correspondingly 
higher. While gangue which is disadvantageous in subsecpient ti'catment 
is penalized, metallurgical works gladly accept a certain p(‘reentagc of 
gangue which is advantageou.s. Large amounts of silica, are. never 
welcomed though carbonates on the other hand may, in those cases 
when' other ores are siliceous, be, of advantage in fluxing. Similarly while 
barite i.s strongly di.scountenanced, fluorite may under certain conditiojis 
be of advantage becausi' being a good flux it as,si.sr.s the smelting. 
In the ca.sc of barite an exception perhajjs may be made in the 
treatment of oxidized copper ores. 

in. Rock I.nclusions 

These, the last of the materials forming a conq)lete ore-deposit to be cle- 
scribed, are the more or less altered |)ortion.s of the country-rock which in 
one way or another have arrived within the ina.ss of the dp])osit. AVith 





Kl(i. 11 L — roition of .1 liiKlily roiitortcil Icii-; of IIikmii fioii) lliy RiiijfsljuU lotle-scruhs 
iifiir Clau'itli.il. Collection, ikol. Lmuh'sannt.y Hcrhn. 

fissure fillings these are generally pieces fallen from aeollapsed hanging-wall; 
with beds they are fragmontsbronghtwiththesandandslimeintotheore-hody 
by the actinii of water ; in other cases, as for instance with inetasomatic 
dc'posits, they ai'e pieces of the country-j'oek not yet completely re})laeed; 
while finally with magmatic deposits they may he pieces of country-rock 
broken and enveloped bv the molten mass at the time of its entry. A 
special case of these rock inclusions is that of slaty material terir^d 
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‘ ttucan,’ which, when a loilc crosses a slate couTitry often constitutes 
the greater portion of its filling. 'I’his material, wliich as illustrated in 
Fig. IM (consists in greater j)art of country-rock intensely altered, occurs 
in masses irregularly distributed and disposed, and often having a 
lenticular shape due to the tremendous squeezing to which they have 
been subjected, while they themselves are also traversed by numbers of 
small mineral veins. , 

By the circidation of water along fissures standing more or less open, 
a portion of the country-rock often fritters away, especially wdien slates 
preponderate. A chu’ thus arises which settles again, particularly on 
the foot-wall, forming there a more oi' less greasy layer to mark the 
boundary between lotle and rock. Such an occurr(uice as already 
mentioned is described as ‘ gouge.' 


THE STRUtTUKE OF ORE-DEl'OSITS 


Oulv e.xceptionally does an ore-deposit (’ousist entirely of one ore. 
It is far more usual to find sevei'al ores occurring together with gangue 
minerals and rock inolu.sions, as illn.strated in Fig. 8 . 0 . I'lie few ca.ses of 
simple filling are therefon' to be dift'ereutiated from those which are com- 
])le.\’. 'I'be. pyrite deposits of the Huelva ib.strict, illustrated in Fig. Il-b, 
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when viewed macroscopically, are such simpl<> fillings, as also'are some, 
beds of iron ore. When complexi filling occurs, the intergrowth of the 
different minerals, that is the structure of the mass, demands a careful 
study not only in the interests of pure, science but also because this 
structure is an essential factor in fixing the. necessities which have subse- 
(juently to be met in dressing and treating the ore. Tn this connection 
tl*i following structures are differentiated : 
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1. Irregular (,'oarse Struotttre 

With tluH structure, larger and sm<aller aggregates of different minerals 
are so irregularly interwoven that it is not possible from tlieir arrangement 
alone to fix their relative ages. 'Fliis structure may take its sha])e either at 
the formation of the depo.sit or through the subse((uent introduction of 
some of the components.. The gold-bearing solutions for in.stance to 
which aurihu'ous lodes owe their (‘xistenci*, generally cany at the same 



Nd. Ho.—Coaise inteigrowth ot lijnlc [a), cliakoj'}iite {!>), diul (jiiurU (0< 
froiD lioflii-ggiuiio, 'I’uspany. Maginlifil -1 tilin'.. 

time large (piantities of silica. From such solutions pyrite se])aratos at 
points suitable to its preci])itation while at other points quartz is 
deposited, both minerals presenting irregular outlines which bec.oming 
interlocked produce an irregular coarse structure such as is illustrated 
in Bigs. IK) and 117. In this structure the gangue minerals and the 
rock inclusions may naturally also take ))art. 

The circumstances with nn'tasomatic zinc deposits arc genetically 
different. In these dcjiosits the jiroccsses of replacement, proceeding from 
Iracturcs and bedding-planes, eff'eet the alteration of only a portion of the 
limestone, the inside cores of the separate pieces often remaining unaltered 
though surrounded with ore. Should the shattering of the limestone be %o 
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comploto that a large nuinber of tliose unaltered pieces appear, what may 



Fk;. 117. —('o:^r^e nitoigiowtU of (/<)i 

VeuMiugte Z\MtteilpW mine nenr ZiiiiiwiiM 


an*l wolframite (<•), witli lithiamica (")• 
Collection, Heiliii. 
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Kic 1 IS —Secoiiilaiv i oar.se uik'igiutttli caiiMsI liy tlic H iiliu-unioMl ol iiiiartz (liglit) 
l>yiphalente (.lalk). Siegerkiml. MaKiiiHi-il M Ima-s. 


be termed a secondary coarse intergrowth of ore and limestone is presented. 
'Jtic same appearance is obtained when, as in the case illustrated in big. 118, 
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quartz is replaced by sphalerite, lu the same inaiincr an extremely i-(!- 
sistaut rock siieli as porphyry may become altered to manganese or(‘. 

In cases where the components ol a deposit having this stJ'uctnre are 
large enough they may be se])arated by hand-sorting, a condition which in 
ore-dressing is regarded as reflecting the mo.st favourable cireninstanee. 


2. llANfiEl) OR Ckusteo Stri'(;turh 

With this structure, which is [larticularly characteristic, of cavit\’- 
fillings, the several components of the (illiiig are arranged in layers or crusts 



Fia. lli>. —A-'Miiiiictrical ^tiiictniv. Iiglit doloimti' (n), s)>linlciitc (/-i, jmitc («•), 

liglit ilnltimitc (./), .s])li;ili*iitt‘ with lOM'-coIoiitvd tlolomifc (c), tjuartz (/). Hiiimicllni^t miiim- 
near Krcihei^L Doulilc ii.itui.il m/c. ColliTtioii, , Hciliii. 


and in regular seipience. When cavities become tilled bv deposition on 
the walls a layer lying nearer the wall is alwav.s older than one Iving 
more, centrally and upon the fir.st. This relation in age may often be eon- 
lirnied in lodes where the vounger niinerals have obviously grown upon the 
oldiT. A banded structure however, as illu.strated in Fig. 12(1, may also 
apjie.ar w’ith niagniatic segregations as when for instance pvrrhotite, 
chalcopyrite. and ])yrite. occur in layers or streaks arranged alongside or 
over one. another. In such a, case there is no growth of younger lavers 
upon older since all are conteinjioraneous. It may also even occur when 
only one mineral became segregated, if the bands of that mineral 
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Kn- f’l —Bainlecl .sinicture witli ou-boK Itabiritc lioin Knvoi Itog, Soutli lUissm, 
coilsiat’mgof altenialing beds ot .iiiaitz (light) ami hannatite (.lark). Collection. (/roL l.amlrsrmut., 
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are separated from one another by vvidtlis of more normal eruptive rock. 
Such an occurrence is illustrated in Fig. 1. 



Fi<;. Vi'l. {d.-irk) and caUite (li;<ldj iiiiinioisl in a ))aiid<-d pitidin'cd 

hv tlio rejila. ciiicnt ot (evtain pcniliaily su.sccptililo limostotio layers. SohiiiK-dfln.'ig in Silcsi.i, 
Colicction. (ifol. , {ierliii. 


Among ore-beds those known 
as itabirite are, as illustrated in 
Fig. 121, distinguished by a perfect 
banded structure in which in- 
munerable thin ((uartz layers 
alternate continually with others 
of haunatite. With metasomatic, 
deposits this structure, occurs 
when the original huie.stono was 
deposited in thin layers, some 
of which, probably the purest, ^ 

became afterwards selected for 
alteration. In such cases, as illus¬ 
trated in Fig. 122, the layei’s are 
alternately of tnetasotnatic ore. 
and unaltered limestone. 

'I’his structure may occur in 
layers more or less even, when it iilin 

is known as ordinary or ])lain 
? crusted structure, or in concentric 
envelopes, when it is distinguished 
tOrdinary crusted structure is formed 

VOL. I 



!<;. 123. - SyniiiMdiiciil cnistcd •'triictiiic of 
L'opvido (d.irk) and caloitc (wlulc) in liorn- 
di*-^( lust (gn y) li'oiti Ku|)ftTl>cig m Silcsi.-i. 
Iiall iiuliiial M/c. Collection, acvl. F.((n<k's- 
Hcilin, 

as concentric crusted structure, 
vhen fissures are filled either llV 
I 
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the accretion of ore from one wall only, or from both walls at the same time. 
In the latter case the difl'erent layens towards one wall correspond with those 
towards the other and a symmetrical structure results in distinction to the 
asyinmetrical structure correspondiiif' to growth from one wall only. Con¬ 
centric crusted structure may be formed in very different ways. It can be 
formed at the filling of an irregular but more or less round cavity when 
concentrated mineral solutions entering from alcove become distributed over 
the inside so that, as illustrated in Fig. 121, the materials crystallize regu¬ 
larly around the walls ; every layer or crust on the outside is in such a case 
older than the one lying next to it on the inside; the filling of cavities 
occurring with metasomatic lead-zinc ore-deposits is especially characterized 
b\' this structure. Or again, when solution drops from the roof of a cavity, 



Fk:. 124.—Cnistfil stnutiin* in a cavity tilling in nielajihyrc ; laimiontit(‘:{«), calcite (Z^). 

Oveolii nnm‘, Michigan. (k»llcctioii, (tW. Lanifesansf., Berlin. 

the deposition may be in stalactitic form at the, point of fall, with corre¬ 
sponding stalagmites below if the .solution falls freely to the floor; such 
dcpo.sits, as ilhi.strated in Fig. l2.o, also have in .section a concentric 
crusted structure which differs h(rwcver from that just described in that 
each layer on the outside is younger than the one lying next to it on the 
inside. And again, when cavities are jiartly filled with fragments of country- 
rock or when from a solution contained within an enclosed space mineral 
crystals separate and remain loose, younger minerals may be deposited in 
layers around such fragments or crystals; such concentric crusted ore, 
illustrated in Fig. 126, is known as ‘cockade ’ or ‘concentric ore ’ ; with it 
every layer farther from the centre is younger than one nearer to it, an age- 
relation which is frequently characterized by the crystals pointing away 
from the centre. Finally, in many instances subsequent rcjilacement of 
certain easily altered components of a dejiosit has taken place. If for 
instance the primary ore in spite of an apparent mineralogical uniformity 
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Fio. 12/).—Concciitnc cnisli’il striictme of niairusitf (<0? Riiil lij^lit-coloutcl 

splialrtililcjiile (/<}. S<-liiiifilj(rar mint*, near Aachcii. l-fi times less tliaii natural •'i/e. Collcetioit, 
dfo}. L(inih"iiiHSf.. HeiHii. 





Fill. 126.—Concentric eruste<l structure. Fra|fruents of country-rock cciiienteil by quaitz 
and each ciivelojicd in an iiiiior nn^i; of galena (light) ami an outer ring of sphalerite (daik). 
Burgsladt lo<le-seiies, Clausthal. Collection, dfol. Lumh-^^ansf, Berlin. 

possessed a banded structure, and if the layers similar in material yet 
differing in age, differed also from one another in some physical or chemical 
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property, then in any subsetpient replacement only such layers would be 
selected for alteration as were particuhirlv suited thereto. This can be 
stated to have occurred for instance with the material of the Siegerland 



siderite lodes, where the siderite was originally dejiosited in layers differing 
in colour and in their granular character, so that some only were after¬ 
wards replaced by sulphides. This occurrence is illustrated in Fig. 127. 

^ The difficulty or ease with which ore having tliis structure, lends itself 
to the subsequent processes of dressing depends upon the thickness of the 
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individual layers. If these are very thin the entire, mass must be crushed 
and the difficulties which then arise are similar to those stated below to 
occur when ore and gan<rue. are intimately intcrgrown. If on the other 
hand they arc large enough, the structure may allow a separation of the ore 
by hand-sorting. 


3. HRUCcrATm) Strtoturu 

• 

Fissures and cavitie.s do not long remain o])ou without portions of the, 
country-rock falling from tln^ hanging-wall and the .sides. Any de])osit then 
becoming formed would result from the lilling of the interstices between 
these fragments and the resultant deposit might well consist in greater 



12.'^.—.sti iictiiif. Fiatiuioiit'. ol’ aiko'-c saiHKtonc l>y •'pliiiic) ile 

(ft.'iik) .111(1 unarU (liuhl). S< h.uiinsl:ui<l imtic, Jlliick Poic'Nt, Ono-li.-ill hi/c. C'ollci tioii, 

(ieol. Landesam^l.y Bfilni. 

part of fragments of country-rock. Huch a structure in consequence of the 
angularity of the fragments is termed ‘ brecciated.' It is illustrated in 
Pig. 128. When describing cockade or ((oncentric ore it war stated that with 
this the sejiarate layers were arranged concentrically around fragments of 
country-rock ; in consequence structures intermediate betweeir this and 
the brecciated structure are not infrcipienl. 

Although brecciated structure occurs most frequently with cavity- 
fillings, it may under some circumstances also occur with deposits of other 
genesis. |(’or instance magmatic segregations may contain numerous 
pieces torn and broken from the wall. When, as is often the case, the angles 
of such pieces liave not surrendered to fusion the, whole occurrence is one 
of brecciated structure. Such an occurrence is illustrated in P'ig. 129. A 
similar structure occurs when a rock prone to alteration, generally 
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limestone, is replaced by ore along cracks and fractures. While 
in the process of such change a compact ore-body represents the 
complete replacement of the limestone, the intermediate stages repre¬ 
senting incomj)lete alteration often, as illustrated in Fig. 130, show 
angular pieces of the unaltered rock remaining. The difference between 
a brecciated! structure thus resulting and the irregular coarse structure 



Fr<;. -Brecciiitoil .slnuitire. Kiagiiionts 
of slate torn fioni Uu* country-rock ami ciivi'lojicl 
in a magmatic 'Icposit of |)\rrliotitc. Ring mine, 
Norway. Collection, (•{■ol. /.o/ofc.scf«.s7., Berlin. 



Fii;. i:j0. -- Hitcciiitctl sliiictuit* 
foniieil l»y tlic ruplacemciit of poipli}iy 
along Clacks by liiud mangamsc ore. 
Obeiliol, 'rhiiriiigen. l-fj limes loss 
tlian the imtural si/r. Collection, 
Londesiinut., Bmlni. 


stated on j). 110 to have been similarly formed, is that the fragments 
of the brecciated structure are smaller and more closely compacted. 
Since with all occurrences of ore havitig this structure the proportion 
of rock in the ore mined is always considerable, in those eases where 
it is not desired to treat the material as a whole, a careful dressing of 
the ore is necessary. 

1. Drusy StkucttuU': 


' 'J’he mass of a deposit is termed drusy when it contains many larger 
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or smaller cavities, the walls of M'hich it is usual to find are adoi'ned witli 
stalactites, stalaf;nutes, or crystals. Sucli a structure, illustrated in Fi};. 
Idl, may be either primary or secondary. It often proceeds hand in hand 
with alteration. With but few exceptions where alteration has occurred. 



Fla. I31.--Fninary tlrusy structiuT! rtsuiting ipoiu tlur iiicomjflpte (tiling of a Hssiirc. 
Gluckaiif mint*, near VfllK-pt, Webtphiilia. Oolli ctiun, Gt’ol. Lanffminst.^ [^prliu. 


the newly-formed mineral oecupies less space than the one rejjlaced, and 
cavities remain which often have a stalactitic linin';. Thi.s structure, as 
illustrated in Fi;;. l;53, may also arise from the simple leachine of such ore 
or gangue as is easily taken into solution. 'I'he iron ores known as kidney 
and pencil ore, distinguished by a concentric and radial structure, aw 
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especially characteristic of deposits with drusy structure, being in fact 
limited to such deposits. 



—SUlactit'-s ot «-xliil)itiii}j: com-piitnc slnu'liiu'. 

Hfi'loil, Sii*ger].ainl. ('ollfctioii, [.‘nidc'^onst , iJi-iliti. 



Kid. l.^y. —Driis\ structure Ironi tin.- u-iiiov.il of soin** ol tlu- original c-oj|j|iononts liy 

solution, quart/ ictnaimng. Sjntal Lode, Sflieiiiuit/.. Collection, (ird. jAnuh’sand., iJcrhn. 

.0. CoMi’Acrr Stri'cti'rf. 

Under this term is understood that form ot intergrowth in which the. 
different mineral particles are so small that to the naked eye they appear 
inseparably and irretrievably mixed. 'To this class belong some mixtures 
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of ^alciia and sphalerite, such for instance as those occurring at Ai'gelezc- 
Oazost near Lourdes on the southern slo{)(^ of the Pyrenees. Since to 
recover lead when zinc is present is mctallurgically expensive and galena 
containing sphalerite is consequently paid for at a lower rate than wli<‘n it 
is clean, this intiTiiate intergrowth of the two ores is decidedl)’ disadvan¬ 
tageous. For the production of a marketable ])roduct it demands the 
finest crushing of the material so that the whole may he concentrated when 
in the condition of slime, a necessity wdiich brings with it a considerable 



Kid i:5l. -So-r:ilIc(l liiow’ii tire, consi'.liiiji uf''j’liiilft ite anti siilpljule.s (ilaik) 
and bnrnite (liglitj liamiiiel.sliei'-f. Ma.'iiiifietl 11 limes. 


increase, in the working cost. Sometimes iiuhs'd with ordinary wet concen¬ 
tration it is not possible to ardiieve any result and to effect the desired 
separation it becomes necessary to use oni! of the magnetic or flotation 
processes. It inay even be the case in countries where clean lead and 
zinc de])osits are of more cOTiimon occurrence, that large occurrences 
containing both ores mixed in this manner, are regarded as unpayable. 

The lead-zinc occurrences of Broken Hill in New South Wales also 
belong to the clas.s of compact ores, although the individual mineral 
l)articles arc somewhat larger than those described in the paragraphs above 
and may even be large enough to connect this class of structure with that 
described as irregular coarse. * 





Fkj. liio.—So-oulled giey oie, ooiiMsting of bpliiileritc and galena («lark) 
and boriiite (light). KamnieKberg, MagnUied 14 times. 



Flo. lod.—Ibusy .stiucturc jnoducecl by isecondaij alknatum. Cellular ^.mitlisoniU* 
from the Scliwelm mine, Westphalia. Collection, HeoL Onuf^sansf.^ Berlin. 
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Microscopic Structure 

Though the macroscopic structures just described have been fully 
investigated, the application of the microscope to the study of ore, on 
the contrary, is still in its infancy in spite of the advantages which 
this method of research undoubtwlly possesses. Within late years the 
inetallographic microscope Jias been used in the investigation of ojiaipie 
ores and by its means much fresh information has been obtained. I'or 
instance the occurrence of ])entlandil(‘ in inicrosco])ic proportions lU nickel- 
pyrrhotite has been established, making it probable that the p}rrhotite 
itself lias no nickel content. 

It mav be said as a rule that the microscopic features of ore-deposits 
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Kci. Urll^y iloposit fuii.si'qiitnt icpira ilccouipoMtioii. Stalai;titf. i)l nialarliiti' 

from tin* Cr.'ils. Collootioii. Oro/. /.nvo/r.vinosl., Borliii, 


are similar to the macroscopiig and that thc'refore the different structures 
just described, namely the coarse strinitun’, the banded structuie and the 
brecciated structure, become repeated. In many cases the examination 
of thin slides has a particular importance in that by its means it is often 
possible to determine the relative ages of the component minerals and 
thereby to satisfactorily settle the (pie.stion of genesis. It may even be 
that safe conclusions relative to the character of the ore in depth may be 
drawn from such an examination. 

Where, as illustrated in Fig. 138, mineral-bearing solutions have made 
their way into the same fissure at different times and have effected a rejilace- 
ment of some of the material first deposited, the microscopic investigation 
of thin slides will give reliable information concerning the sequence of 
deposition. In another direction, the microscopic structure will often 
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indicate the best line to adopt in the dressing and metallurgical 
processes, or it will assist to explain striking chemical determinations or 
apparent contradictions iti analyses. For instance a samjjle of galena with 
abnormallv high silver content of which no indication is afforded to the 
naked eye, may, as dinstrated in Fig. 13!), under the microscope show itself 



Fi(.. l-'Jh. -Rcpliicfiiiciit of sirlcnli; aiol fjiunt/ al'.iij' cr.ieks i)y >|)lialoiitp. 
Ilol/appol iiiiiic, on tti<- river Ma''iiilit‘<] 15 111114 ““ 


to con.sist of a mixture of galena and metallic .silver, the latter filling the 
pores and fracturits of the former. A structure such as that would indicate 
that the galena came from the cementation zone of an ore-depo.sit, and in 
itself would give warning that a (piick and considerable impoverishment 
of the silver content below' the ground-water level might be expected. 
Again, compact pyrite with a strikingly high gold content may jjresent 
itself under the microscope as a mixture of metallic gold and pyrite, the. 
nfcblc metal filling the finest fractures and cracks of the pyrite. Such 
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strikiiiffly ricli ores, comiiif' undoubtedly from the cementation zone of an 
auriferous deposit, do uot continue into de,pth. And again liy means of the 
microscope it may be found that an apparently solid piece of chalcopyrite 
does not by any moans consist entiridy of that mineral, but contains many 
kernels of unaltered pyrite. The structure thus presented, which would 
very much resemble that of olivine in the process of decomposition to 
serpentine, would indicate t^at the mass was originally pyrite, the greater 



130,—Mi'tulluj silvt'r ululc slu-aks {((), dcini.site<I alt»ns tiic of g.di-uu {bj. 

Mexico. 18 times. Collection, ('Col. Herliii. 

part of which had subsequently become changed to chalcojiyrite. Without 
doubt therefore such a piece of ore would have come from the. cementa¬ 
tion zone of an ore-deposit and its copper content would therefore not 
be taken as applicable to the jirimary /.one which at the earliest could 
not be expected till under the. ground-water level. 

F'inally, it must be jiarticularlv pointed out that the different 
structures may occur in all possible combinations. In a cavity-lilling with 
crusted structure each sejiarate layer may show coarse structure, while in a 
deposit with coarse structure a driisv structure may also occur. 
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With Sfeciai. Recaro to the Formatton of Ores and their 
Assoctateo Mineraes 

I.ITEHATUIIE 

K. .Mits<’iikrijc ir. ‘ I'Imt dio kunMlicho Dnrstclliirm dor MijK'ralu'ii aiis ihroii Ik'staiul- 
loilon,’ Alili. d, k;;!. Ak. d. Wissoiisoh Ueilin, 1822 IH22 A. llRKiTifAOiT. Dio Paia- 
o(‘ac>tis dor Mmoralo. l‘’rodx*io. 1849. A. (Jlrlt. I’viooonoto knn''tlioIio AliiR'r.duMi. 
Frodn'i^, iSoT.—K. von Leonuxkd. Ilultonorj'oui'ni.s.so utid aiid<‘i(“ auf knnstlioliom 
^Ve^'o Kol)iIdol<‘ Mmorahori aks Stut/.()unkt<“ ;f:cul<)oisofior Hypotlu'.sori. Sliillj^art, iSoH. - 
(k Biscjiof. LolubiJoli dor ohomisfhon und [>liy.sikalis( }ion (loolouio, [.-111., 18l)2-lS(>(). 

^V. Frciis. l)u! kuiistiiclj dargustellton Jlaarlorii, 1872.—A. D\ri{r|5r, 

Etudes syrithetiques dc* groldjrie oxponmciitalo. Tans, 1879 ; and miinorous (dhor papor.s 
from tlie ’fortie.s.- F. I'ouiiUK et Michel L6vv. Synfho.sc* dos inmoraux i‘t dos roohes. 
Paris, 1882. —L. Bouuueoi.s. Reproduction artilieiolki des ndueraux. ParD, 1884.— 
.St. Mkl'niek. Les Mothodes «le synthesc en niineialooK*. I’aris, 1891.— J. I{oth. 
Allgeinoine und ehomisclie (.leologie, 1879-1893. —('. Doltkr. Aligeniomo chonii.seho 
Mineralogie, 1890.—F. Zikkel. Lehrljiioh dor Potrogruphie, 1893, I, pp. 437-133. 

U. Brauns. Cheinisoho .Mineralogie, 1891) —J. 41. Jj. Voot. ‘Studior ov(T slagg(*r.’ 
Bih. till sv. \’et-Akad. Handlingaor, 1884; Beitrage /,ur Koimtnis dor (tosi't/e der 
Minerailnldiing in Sohinol/ni.is.vn ('hnstiania, 18!>2. -A. Laookio. ‘ lUior dir* Xaliir 
der (da.^basls, sowie dor Krystalli.salioiisvorgango jin oniptiven Magma.’ ’I’Mlioim. .Mm. 
u. Petr. Mitt., 1887.—.4. Mokoskwicz. Exponnionlolle I'litor.suohungeii iibor di<* Bildung 
der .Minerale ini .Magma, lind , 1898. -P. 'I'sciiiRw jnsk\. Roprodu< tioii ai(ifi( lelk' ilo 
inineraux au .\lXo sioole (lliissian). Kioll. 1903-1900. 4’. \V. Claukk. 'J’lic- Dat.i ol 

(«(‘o-(.'lieiiiistrv I .S. rieol Snrvev, 1908, Bull. 330. Tlii'^ last largo work appeared too lat(‘ 
to bo corisiden <1. 

Minerai.-synthests has received nuirc particularly the attention of the 
French school which includes such workers as Becijiierel, Rcthier, Daubree, 
Debray, Ch. and II. St. Claire-Deville, J)urochor, Ebclinann, (Jay-Lnssac, 
Senarmont, Troost; and more recently Bourgeois, Feil, Freniy, Fh-iedel, 
Fouque, Gorgeii, Hautef(Hiille, Lechartier, Be (,’hatelier, Maec, Mallard, 
Margottet, .Meunier, Michel Levy, .Moissan, Oftret, etc. I^larlier investi¬ 
gators of this subject were Berzelius, Bischof, lireitliaujit, Ibinsen, Drever- 
mann, Forchhammer, F’uchs, Gurlt, Rail, Ilaussmann, Roppe-Seyler, 
Koch, Knop, Leonliard, .Manross, Mitsoherlicli, Blattncr, Jfammclsberg, 
Rose, Sandberger, Vogelsang, Wbhler ; wliile, among those more recent, in 
addition to those given above, must be mentioned Backstrom, Becker, 
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Bruhns, Brun, Clarke, Friedliinder, Holmqtiist, Hiissak, Lemberg, Luzi, 
Oetling, Pratt, Rinne, Rbssler, Sclniltcn, Stelziiei', TIuigutt, Vater, 
Vernadsky and Weinsclicnk. 

Tliis branch of science has of late years taken a new direction in 
which the greatest ini|)ortance is laid upon the investigation of the physico¬ 
chemical laws operative in the formation and alteration of minerals. 
Reference may be made to the well-known works bv Van’t Hoff and his 
collaboratcurs upon the minerals of the salt beds, and to the following 
works chiefly concerning the silicate minerals ; 

.1.11. I,. VoiiT. DieSilikatscliinrlzlosungcii, Chris(iiiiiia, (Ic.s. <1. Wi.ss., Il)(i:), 1!)04; 'I'lieoii 
f(jr .smalt .slagg. .Icm-Kiiii. Ann. Stoikholni, 100.5; ‘ l’liyMkiilis(li-clK‘liii.silic (icsrtzi- dcr 
KrystiillisiitioJisfulgo 111 Erujitivgoatoliien,’ 'IVchonii. Mm. ii. Prlr. .Mill.. lOIKi ami lOOS; 
Oiler aiiclii-momiiiiiiK'ralisclic und unchi i’iitoklischo Kruptivgeslriiir. riirisliaiiia, 1008. -- 
AiiTiieii I.. I>\\ and Irllim -workers at the (Irophv.siral Lalioratorv of I lie Oaniegio lii.slituto, 
Waslinigtoii. A .sories of works, more paiticularly .since lOO.o, npoii tlic plagiocla.sc-fclspais, 
the nimcial.s of the OaO SiO. series and tcl.raiiiorpliic Mg.SiO,, etc. (’. liaLTiilt. Pliysi- 
kali.scli-clicniiselie Mincralogic, 1005; Die. IVtrogcnesis, 1000. I’urtlier and cspeciallv 
since 1000. innncrons articles by Doltor and his ]nijiils upon the smelting jioints of niinerals. 
etc. 

In the following short summary, compiled with great assistance from 
Braun’s (Uiemhche Alitiemlugie, the results taken from that work as well as 
those front that of Potiqiie et Michel Levy are not specifically indicated. 

The study of the genesis of ore-deposits can only be prosecuteil with 
any promise of success when the fundamental priucijtles of mineral forma¬ 
tion are known. For the proper study of those principles there are more 
particularly two means available ; firstly, observation of those cases in 
nature where the formation of minerals is proceeding at the moment; and 
secondly, e.vperiment m the laboni.tory under conditions which give all 
possible consideration to those factors which in nature arc active in the 
formation of minerals. 

Mineral formation interests the student of ore-deposits in so far as it 
relates to ores and their associated minerals. In general, si.x manners of 
mineral formation may be differentiated. 

1. CkYSTAI.UZATION FltOM MdI.TKN SlblOATE iSOLf'l'IO.NS 

The molten silicate solutions inchuling both the water-free molten 
silicates of laboratory e.xperimeut and the water-containing eruptive 
magmas are, according to Vogt whose presentation of the subject is 
followed, to be regarded in general as mutual solutions of a series of com¬ 
ponents, these solutions being, when the water combinations are left out of 
consideration, chemically identical with those mini'.rals which crystallize at 
solidification. When mix-crystals, olivine (Mg, Fc),SiO^ for instance, are 
formed the different components, in this case Mg.SiO, and Fe^SiO^, are to 
be regarded as independent components in the magmatic solution. C'rysttd- 
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lization from mutual magmatic solution follows the same, physico-chemical 
laws as that from any other mutual solution, whether tluit of molten metals, 
of molten salts such as KNO^ and NaNO^, or v>f aqiu'ous solution such 
as that of common salt. When mutual solution takes j)lacc colloidal 
solutions net being here, included a lowering of the melting-point takes 
place at the same time until the so-called eutecticum is reached. With' 
com{)onents independent of one another the ^sequence of crystallization 
depends in the first place upon the composition of the solution in relation 
to that of the eutecticum. The maximum lowering of the melting-point 
between 11,0 and NaCl is — 22 ’ 0., this occurring when the [)roportion is 
as 23-5 per cent NaCl : 7()-.5 jier cent ll.,0, this relation of two substances 
Tepresenting the condition of a binary eutecticum. With more water in the 
original solution ice would crystallize first; with more NaCl on the other 
hand it is the salt which would lirst se])arate. Similarly the eutecti(uim 
between olivine and dio[)sidc exists with 32 ])('r cent olivine and 08 per cent 
diopside ; with more Mg.SiO^ in the solution olivine, would cry.stallize first ; 
with more CaMgSi,()^ on the other hand diopside would be the lirst to 
separate. In addition however to these considerations the jihenoinena 
of supcnsatiiration must be taken into account especially when cooling takes 
place quickly. 

Just as with freezing-ini.xtures and with metal-alloy.s the components 
of which do not form mix-crystals with one another, so also is it the ca.se 
with silicates, that the lowering of the melting-|ioint at their mutual 
solution is considerable, (,'ompelled thereto by jihysico-chemical causes 
which will not here be, discus,sed, most of the cruptiv'e rocks approach more 
or less closely to an eutecticum. Thus most granites,quartz-jiorphvrii's.and 
li[)arites, ajiproach fairly closely to the eutecticum bctwei'U ipiartz and the 
felspars ; the temperature interval at the crystallization of these eruptive 
rocks from their magmas is accordingly strikingly low. It may often 
happen that quartz wdiich fuses at about 1 ()2.j‘ f. first begins to crystallize at 
a temjierature of about 11(10 1200'’ Lavas from V'esuvius have been 
observed to be still in a molten condition at a to.ni|)erature of 1100° (,'. 

When mix-crystals solidify the, laws developed by Roozebooni become 
operative as also among others does that of the decrease in solubility 
with a common ‘ ion.’ 

Experience show.s that all silicates, fluorides, ferrates, etc., when in a 
fluid condition, are freely soluble in one another. Thus with magmatic 
segregations of iron ore, eruptive, rock is found with all possible grada¬ 
tions of magnetite or titano-magnetite content, from le.ss than ()•.') to !)fl 
or even 100 per cent. 

Among others the following oxidized ores cry.stallize, from molten 
Plicate solutions : magnetite, chromite, zinc-spinel, haematite, ilmenito. 
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corundum, and under certain conditions liausmannite, cassiterito, cuprite, 
etc. With regard to sulphides, those having the composition RS wheroR = 
Fe, Mn, Zn, Cu, etc., are, within the range of ordinary melting temperatures, 
soluble in molten silicates and especially in those which are basic. Simh 
basic silicates for instance are capable of holding as much as 8 or 10 per 
cent of ZnS or MnS in solution which at sub.seipient solidilication would 
crystallize as sphalerite or (^labandite. In a similar manner sulpludes such 
as pyrite, pyrrliotite, chalcopyrite, sphalerite, etc., may separate themselves 
from erui)tive magmas. By experiment it has been shown that the mutual 
solubility of silicate and sulj)hide rises with the tempm'ature and jirobably 
also with the j)ressure. It may therefore be taken that in highly heated 
magmas and under high pressure they will be freely soluble in one, another. 
'I'his que.stion will be more fully discussed when describing the scgregat(‘d 
sulphide de])osits. 

The ocT.urrence of minute crystals of metallic copper in the so-called 
MuronagIas.s,andof nickel-iron and ])latinum in certain basic eriqdive rocks, 
indicates that native metals under certain conditions can also be .soluble in 
molten silicates. Carbon also is soluble to some e.xtent in highly heated 
slags and in eruptive magmas from which, according to Friedlander and von 
Hasslingcr, it may under certain conditions, sejiarate as graphite and under 
others as diamond. The siicci'ssful production of diamonds bv Moissan 
resulted, as is well known, not from the. solidification of molten silicates but 
from that of metal carbides Eruptive magmas in addition to water 
contain carbonic acid, fluorides, chlorides, etc. The water contained does 
not in general come by descent from the earth’s surface, but as will be 
mentioned later, it represents a primary increnu'nt from the interior. 
With eflu.sive magmas flowing over the surface and eventually solidifying, 
the enclosed gases and vapours make their way in greater part direct to the 
ojieii air. With intrusive magmas such as solidify slowlv and under the 
pressure of considerable depth, the magmatic gases or vapours force their 
way partly into the neighbouring rock and jiartly into the already solidified 
portions of the magma itself. Such ma.gmatic gases and vapours as these 
eflect the formation of new minerals and the remodelling of others over large 
areas, so that in the study of ore-dejiosits they are of great inijiortance. 

2. Minekal fokmation uv SuULIM.VriON 

The expression sublimation is often wrongly applied in this connection 
to cases where mineral formation is actually due to gases or vapours. 
Strictly speaking, only those processes may be included under this term by 
which an already existing chemical combination becomes first raised by 
heat to the condition of a vapour and then afterwards deposited unaltered 
VOL. I 
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at a different place, this deposition resulting either from a lowering of 
temperature or of pressure. Sublimation is therefore nothing but a 
special transferi'uce of certain minerals. 

Many minerals can only be sublimed in the absence of oxygen that is, 
in a so-called neutral atmosphere, since their va[)ours would be strongly 
attacked and decomposed by that gas. For this reason the oxygen in the 
air must be displaced by hydrogen or nitrogen before such minerals as 
sulphur, arsenic, galena, sphalerite, cinnabar, stibiiite, gr(!enockite, realgar, 
orpiment, arsenical and antimonial acids, and the larger part of the com¬ 
pounds with chlorine, etc., may be sublimed. In the electric furnace where 
temperatures of 3000’ C. and more may be maintained, a whole series of 
elements and compounds long considered as comparatively difficult to fuse 
become, us Moissan showed, va[)orized, as for instance iron, uranium, gold, 
platinum, and even silica and magne.sia. In this furnace also (piartz and 
zircon may be brought to the, li<piid .state and even made to boil. U|)on 
cooling, the vapours produced crystallize again as the original minerals. 

3. Mineral formation kesultino from the decomposition of 
Oase.s and Vapours by Heat 

The jihenomena attendant upon this proce.ss have been fully treated in 
the science of thermal chemistry. A simple cxamjile. of minerals formed in 
this manner is afforded by the re-formation of carbon in the bla.st-furnace. 
Eetw'eeu carbon dioxide, carbon monoxide, and carbon, the eipiilibrium is 
expre.ssed by the following formula: -f-(I. At certain 

low tenpieratures the one jiart of carbon sejiarates it,seif definitely, leaving 
one })art of carbon dioxide, and the formula becomes 2('() ---CO,-f ('. 
Similarly, by heat heavy-carburetted hydrogen becomes .separated into 
light-caiburetted hydrogen and carbon according to the formula 
Cyd^ = Cfl^ -b C. The so-called retort-carbon is formed in this manner. 

'1. MiNERAI, FOR.M.VriON BY THE .MIXLNfl OF TWO (JasES 

Numerous minerals which, apart from the |iossibiliti"s of the electric 
furnace, cannot in them.selves be sublimed, may be formed at the mixing of 
two gase.s. Oay-liussac, as far back as the year 182.3, produced .specularite 
by the action of ferric chloride vapour upon water-vapour at a high tempera¬ 
ture, thus Fe.,Cl, + 3H,0 = Fe„0, 4-(ilK'l. 

Ill this connection the epoch-making siibhmation-synthe.ses conducted 
by Daubrec in the late ’forties, continue to be freely cited. By the 
action of heated stannic chloride vafionr upon water-va])our, this investi¬ 
gator produced cassitcrite, the reaction being represented by the formula 
ShiCI^-b 2H.^O = SnO.,-b 4IIC1. Rutile, crookitc, corundum, magnetite. 
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zinc-spiiicl, etc,., may be formed in a similar manner, while the chloride in 
this reaction may also be replaced by a fluoride. If sulphuretted hydro<;en 
be taken in the place of water-vapour, the sulphide ore,s, palena, s])halerite, 
chalcocite, ar};cntite, stibnite, bisraiithinitc, as was determined by Duroclier 
in the year 18,51, become formed, thus I’b(.'l„ + 11,S = I’bE -f 'illCl; or the 
sul[>h-antimonidps and -arsenides such as tetrahodrite, pyrar<;yrite, and 
proHstitc, thus 3AeCl -I- 8b('l.| -)- 311^8 = Ae.|8bS| -h (iliCI. 

Sulphur itself is formed from the interaction of .sulpliurcttcd 
hydrogen and sulphurous anhydride, as well as from tlu^ in(^om|)lete 
combustion of sulj)liuretted hydrogen, the two reathions being l■psJ)e(■,tlvoly 
211,8 -1- 80„ = 38 + 2I1„0, and 1 f ,8 -f 0 = H./J + 8. 

Finally, siderite is formed when the vaj)ours of ammonium carbonate 
and those of ferrous chloride meet, the equation being (Nil i)/ '0. d- Fc(,'l„ 
FeC(), + 2(Nir,)(.’i. 


5. Miner.\l formation ny thk Aottcjn ok CIa.srs or Vakoiir.s 
uj'ON 8olti) Bodtes 

Here the action of the volatilizetl compounds of fluorine, chlorine, 
boron, and sulphur u|)on heated o.\ides, silicates, etc., is all-important. A 
whole scries of minerals becomes thcrt'by formed : ajiatite b)’ the passage 
of ]iho.splioric-chloride over heated acetate of lime ; many Bul])hides such 
as galena., argentite, chalcocite, jiyrrhotitc, ]>yrite, chalcopyrite, etc., by 
the passage of snl[>hur vapours or sulphuretted hydrogen over heated metals 
or o.vides. Wi)hler, a.s early as the yea.r 1836, |)roduced pyrite by heating 
iron-o.'dde with sal-ammoniac and sulj)hni'; also a whole nunibei' of oxides, 
such as cassiterite, rutile, specularite, corundum ; and many sihcaites as for 
instance willomite, this latter mineral by the action of silicon fluoride upon 
zinc-oxide. The mineral orthocla.se has long been known to be jiroduced in 
blast-furnaces in those cases where fluor.spar in qun.ntity is added as a dux, 
this fact having been pointed out by Haussnnum m 1810 and by Freiesleben 
in 1831. Quartz, magnesia-mica, and leucite, may also be formed under 
similar circumstances. 

Friedel and 8arasin in 1887 produced good crystals of topaz by heating 
silicon-fluoride at a constant tcmperatui'e of .500’ ('. with a mixture of 
kicselguhr and alumina in the presence of water. 

Many sidphide oi’cs have been produced by the action of sulphuretted 
hydrogen upon metals, or upon solid metal oxides or chlorides. Among 
these argentite may be formed by sulphuretted hydrogen acting upon 
metallic silver, this fact being particularly interesting since superheated 
steam will reduce the argentite to metallic silver again. The horns of native 
silver which, as illustrated in Fig. 140, occur at Kongsberg and have been 
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closely studied by Vogt, have undoubtedly arisen through such a decom¬ 
position of argentite. Similarly as was demonstrated by Bunsen and 
Geitrier, if iron oxide or basalt powder be long heated under pressure and in 
the presence of SO.,, pyrite is formed. 

Mineuaiuzing Agents. -Elie de Beaumont and II. St. tJlaire-Dcville 
termed all those substances, such as water-vapour and volatilized fluorine, 
chlorine and boron combinations, which in the,above-mentioned way play 
an importaiP or decisive part in the formation of minerals, ‘ agents mine- 
ralisateurs,’ wliich may be translated ‘ mineralizing agents.’ This ex¬ 
pression as Moro.sewicz poitited out in 1898. is however not (juito apt, 

more particularly because the 
action of tlie fluorides, etc., 
must frequently be regarded 
as catalyti(!. 

The phenomenon of the 
formation of corundum, the 
crystallized oxide of alu¬ 
minium, by tlie passage of 
hydrofluoric acid and water- 
va])()nr over the heated 
amorjihous variety of the 
same oxide, rests upon the 
fact that aluminium fluoride 
and water arc first formed, 
which reacting between thcmselve,s, produce corundum, the two stages 
being expres.sed in the formula': (I) Al.,0.. + (illE = AI.,E,.-|-3II.,0 ; 
(2) A1,F,= Al.O, (corundum)-f OITF. With the completion of 
this cycle the hydrofluoric acid is free to play its i)aTt again, so that a 
small amount of this acid would serve, to produce a. large amount of 
corundum. 

Pneg.matoia'.sis. All those pr()ce.sses of mineral formation in which 
gases and vapours play an important part, were included by Bunsen under 
the term ‘ pneumatolysis.’ In those cases where in addil'on to gases and 
vapours aqueous solutions contributed to the result, this eidarged process 
was termed ‘ pneumatohydatogenesis.’ As will be seen however from 
the following considerations, there is often in nature no sharp boundary 
between these two processes. Manj' gases can be licpiefied by the apj)lication 
of high pressure, though in each ca.se this can only take place below a fixed 
temperature which is known as the ‘critical temperature.’ It is thus impos¬ 
sible to liquefy carbon dioxide above .‘fTf!.: hydrogen-chloride above .'32°(J.; 
and sul])huretted hydrogen, sulphur dioxide, carbon monoxide, chlorine, 
dnd ammonia, above 200“ C. Above the critical temperature however the 
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physical differences between the gaseous and the liquid condition which may 
exist at a lower temperature, are no longer found. The critical teni})eraturp 
of water, 375° C., is especially important in relation to pneumatolysi.s and 
pneumatohydatogenesis. Since above this tcmpei'atun! even under the 
highest pressure there exists no longer any (lifl'er(!nc(! betw(‘en the liijuid, 
the vaporous, and the gaseous condition of water, and as with the gaseous 
processes in nature high temj)eratures must generally be considered to 
have obtained, the ordinary conception of the tnupiency of aipu'ous solu¬ 
tions is imtenable. Furtlnsr, with such high temjjeratures the difference 
between pneumatolysis and i)neumatohydatogenesis disa])pears. 

Mineral formation by ])ncumatolysi8 takes place in nature ]n'incij)ally 
around volcanoes. The exhalations of these have beet\ carefully studied by 
Elic de Beaumont, Bunsen, St. t’laire-Devillc, and Fouque ; while Scacchi, 
Sylvesti'i, Palmieri, St. Claire-Deville, Heim, Lemberg, vom Rath, Roth, 
Sartorius, Wolf, and many others, have (concerned themselves with the 
resultant minerals, especially those found occurring around Vesuvius, 
Monte iSomma, Etna, the. island of Santorin, the Laaeher Sec, and in 
Iceland, etc. Those exhalations which consist chi(dlv of water-vapou)' 
with such gases as nitrogen, hydrogen, free hydrochloric acid, hydrofluoric 
acid, aiul silicon lluoride, are termed ‘ fumaroles ’; those characterized by 
sulphur combinations are similarly ‘ solfataras ' ; tho.se c.ousi,sting chiefly 
of carbon dioxide are ‘ niofette' ; while finally those with boric* acid 
vapours arc termed ‘ soflioni.’ It is only in but few cases that the e.xhala- 
tions from the magmas of inoderti volcanoes have formed useful depo.sits. 
The solfataras are responsible for occurrences of native sulphur in volcanic 
craters, while tlu! soflioni have formed deposits of boric acid of whiedr the 
best known are those of V'olcani, one of the Lipari Islands,and those of Sasso 
in Tuscany. In smaller amounts chlorides, especially those of the alkalies, 
calcium, iron, manganese, aluminium, lead, and copjx'r, are found on the 
bottom and sides of craters, in the cracks of lava streams, and upon the 
bombs ejected. Tin and cobalt minerals occur occasionally, but in still 
smaller amount; while the oxychloride of co))per and some suljihates and 
fluorides must also be mentioned. 

The intensity with which mineral formation by pneumatolysis may 
proceed in nature, was illustrated by the filling of a crack in lava poured 
out from Vesuvius in 1817. By the action of the ferric-chloride vapour 
upon that of water, this fissure became so rapidly filled with specularite 
that in 10 days a width of 3 feet was conq)leted.i 

Concerning the sequence in w'hich the gases arc exhaled from magmas, 
the data collected by Ed. Sness are interesting. Frotn the upper surfaces 
of cooling lava streams the hottest fumaroles, that is those over 500° (k, 

' Breithaupt, Paragenesis dcr Mineralien, 
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arc dry, but usually contain compounds of chlorine, IICI, and NaCl, together 
with those of fluorine, boron, and phosphorus. As the temperature falls 
the gases characteristic of the fumaroles likewise diminish, while sulphur, 
arsenic, and carbon dioxide, booome more important. With further cooling 
the carbon dioxide continues after the others have faileil and is still found 
in exhalations from lava in a very advanced stage of cooling. 

l’NiitJ.\f.\TOLYTic MfiTAMOlU'iii.sii ot' THE CJountry-Rock. -Tlic gases 
escaping from volcanoes, especially sulphuric acid, sulphurous acrid, sulphur¬ 
etted hydrogen, hydrochloric acid, etc., ellect not only the formation of 
minerals in o|)(‘n spaces, but also occasionally bring about an intense altera¬ 
tion of the country-i'ock, such alteration being known as ‘ pneumatolytic 
metamorphism.' The suljihuric acid arising by the oxidation of the 
sulphuretted hydrogen as well as the sulphurous acid, attack most 
energetically the neighbouring eruptive rock, tuff, etc., with the formation 
of alum minerals, aluminium sulphate, selenite, etc. ; and it would also 
apjiear that, at the same time, at least a portion of the silica is removed in 
solution. 

As will be mentioned later in the chapter dealing with th eorigin of ore- 
deposits, one entire group namely that of the tin lodes, is due entirely to 
these jineumatolytic |)roces.ses, this origin having been ascribed to them by 
E. de BeaumontandbyDaubree asfarback as the 'forties of the last century. 
The minerals associateil with this group are ilistiiiguished by containing 
fluorine or boron, the former in such minerals as fluorite, lithia-mica, topaz, 
and fluor-apatite ; while the latter is chiefly represented in tourmaline. 
This group of deposits is also characterized by a very definiti' mi'tamorjihism 
of the country-rock this in most cases being granite. Bv ])neuniatolytic 
processes the felspar and mica of this rock have become rejilaced by ijuartz, 
tourmaline, topaz, lithia-mica, cassiterite, etc., until the resultant rock, 
termed greisen, consists entirely of ipiartz, tourmaliiu', topaz, cassiterite, 
etc., and has an appearance which has led in more cases than one to it being 
wrongly regarded as a (juartzite. 

Another important alteration which some jirimary rocks may undergo 
as the result of jmeumatolysis, is that known as ' propylitizatiom’ This 
alteration is to be observed with most of the gold-silver lodes which make 
their appearance in clo.se connection with young eru|)tive rocks, and it 
consists in the secondary formation of chlorite, clay material, calcite, 
pyritc, etc. The alteration of the primary eruptive rock is often so complete 
that Richthofen in his time, failing to recognize the connection, regarded 
the rock now known to be altered, as a spi'cial eruptive rock marking the 
first effusion from the magma ; and he named it propylite. In addition to 
[iropylitization it is usual to find with this group of lodes a certain amount 
5f kaolinization, the characteristic result of the decomposition of felspar. 
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Pneumatolytic processes may also be responsible for the cryolite 
deposits of (Ireenland, the titaniferous lodes of the Alps, the Scandinavian 
apatite lodes with their well-defined scapolitization of the country-rock, 
and the fluorine and boron minerals in the syenite-[)e}^matite dyki's of 
southern Norway. 

fi . Ory.stallizatton 01^ PriEcii’iTAi'roN from Aqueous Souution 

For the proper nndcrstandino of mineral fortnation in nature, the idea 
that conc(mtrated solutions arc necessary for the precipitation of mineral 
masses in a comi)aratively short time, must be abandoned. It is better to 
|)roce(ul from the idea that weak solutions only wore operative in the 
formation of ore-dejKwits, and that in most cases these continued their 
activity unbroken for a great length of time. This procedure may be seen 
in j)rogress in nature at the ])r(‘sent time. 

The mineral-bearing solutions which have to be postulatt'd are, g<!ncr- 
ally s|)eaking, none other than the lamiliar springs. These Ed. Suess 
divided us follows : ' 

((() Swetd sju’ings, which flow away at an average ground-tcm|)erature 
and which in greater part contain carbonates. iSuess termed thesi' springs 
which take part in the surface-water eireulatiim, ‘ vadose ' sjirings, to 
distinguish them from those he termed ‘ juvenile,’ which repre.scnt new 
material brought to the surface from out of the earth’s interior. 

(h) Hitter springs, which differ from the previous class only by reason 
of their mineral content, which may cause the water to be described as saline, 
iodic, or bitter. These s|)rings are lik(>wise vadose and register a medium 
giound-tem|)eratvire,. 

(c) Natural baths, which are those vadose springs having a higher 
temperature due either to a rise, in the underground isotherms or to con¬ 
siderable difl'erence in height between .soun^e and discharge. 

(d) In contrast to the,sc vadose s])rings there exists a series of thermal 
springs who.se temperature docs not vary with the sea.son of the year, and 
which must have a juvenile or niagn\atic source. In spite of the, high 
tempiu’aturc by whi(^h they are distinguished, these have not always a 
high mineral content, but may occasionally consist of practically pure 
water. To this class the hottest springs of Europe belong. They arc often 
foLiml in direct connection with cpiartz lodes and sometimes even now they 
deposit such minerals as barite, pyi'ite, fluorspar, and galena. Examples 
well-known and of particudar interest to flic student of ore-deposits are 
those encountered in the Comstock Lode and at Rcdjang Lebong in Sumatra. 

(e) (ieysers or inte.rnuttent springs, which are also juvenile and wliich 

' * Vber hcis-‘<e Qtidh'n,^ Verh. OV-s deuf-^rh. Kaiurjorscher und Artze, ]'J02, I. • 
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may be regarded as connected with the later stages of a previously more 
active vulcanicity. 

Without examining the basis for this classification it is oidy necessary 
here to call attention to the fact that in nature at all events, no sharp line 
may be drawn between vadose and juvenile sju'ings, and that transitions 
and mixtures of both occur, especially where different fissure-systems meet. 

From these natural mineral-boaring solutions, minerals may be 
deposited under the following varied circurnstahees. 

(it) Bv Dx.SS I CATION- OF THE MkDILTM OF iSOLTlTlON. .When water 

evaporates the solids eontiiincil in it must naturally be deposited. The same 
effect is produced when the medium whereby a compound not otherwise 
.soluble is kept in solution, is withdrawn. The present dej)o.sition of cinnabar 
at iStcamboat Springs in California and at iSiilphiir Banks in Nevada, de¬ 
pends iijion the fact that the sulphide of mercury is not soluble in pure rvater 
but only 111 a solution of alkaline sulphides. When therefore a solution con¬ 
taining both arrives at the surface, the alkali sulphide becomes decomposed 
by the carbonic acid of the atmosjiherc and the mercury sulphide being no 
longer soluble is precipitated from .solution. The formation of sidphiir at 
many hot sjirings, as at Aachen, Burgbrohl, and that of orpiment arid 
realgar at the geysers of Yellowstone Park, may be similarly explained. 

It is a well-known fact also that many carbonates only become soluble 
ill water when free carbonic acid is jiresent; should this substance for any 
cause wdiatever vanish or cscajio, such compounds must fall out of solution. 
Ill this manner the carbonates of the alkaline earths, calcium, strontium, 
barium, magnesium, and of zinc, manganese, iron, lead, and silver, may be 
formed. From experiments made by (Jhr. A. Munster it was determined 
that the carbonate, of silver is even more readily soluble in water containing 
carbonic acid than calciiini carbonate, a fact which may e.xplain the 
frequent occurrence of carbonates, especially caleite, with native silver 
and rich silver ores. 

With all such carbonates the solubility increases with the jiressure. 
Temperature occasionally has a decisive influence upon deposition from 
solution. Caleite for instance, crystallizes from a cold solution when the 
solution is pure or when it contains an alkali silicate. Un the other 
hand aragonite, the rhombic form of calcium carbonate, is formed when the 
solution is warm or when it contains lead, barium salts, or gypsum. The 
‘ Spriidelstein ’ of Karlsbad, the oolitic ‘ Krbsenstein ’ and the ‘ Eisen- 
bliite ’ of Erzberg in Steirmark, consist not of caleite but of arragonite, 
this doubtless being partly due to the impurities present in the original 
solutions. An important influence of temperature may be observed in the 
deposition of silica from an aqueous solution; at a higher temperature, 
wl.iich according to Dolter’s experiments must not be lower than 180° C., 
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and under pressure, quartz separates, whereas under all other conditions 
amorphous silica, opal, and chalcedony appear. 

Iron and manganese only se[)arate as carbonates from solutions con- 
tainiug carbonic acid when the atmosphere is completely excluded or when 
its oxidizing effect is neutralized by a reducing agent. Under any other 
circumstances the hydrate appears or, according to Senarmont, with liiglier 
temperature, the anhydrous oxide. Smithsonite and cerussite of recent 
formation have repeatedly been observed to occur in mines. 

When a solution containing the carbonat<‘s of calcium, iron, and man¬ 
ganese, together with silicic and phosphoric acids, etc., loses its carbonic 
acid and at the same time becomes oxidized, the, different substances 
separate in a regular order which will be more fully discussinl when describ¬ 
ing the origin of bog- and lake-iron ore. Many zeolites, such as apophyllite, 
natrolite, heulandite, chabazite, etc., have, according to Wohler, Jlolter, 
and others, been produced cx])crimentally at tfunperaturcs ranging from 
12.5" to 200'’. That zeolites originate from hot solutions is confirmed by 
their occurrence in natui’e where they are usually found in close connection 
with eru])tive rocks or with lodes which have undoubtedly been filled by 
hydi'o-thermal processes. 

{!>) By tiik Muktinu ok 'I'wo Solutions. Minerals which are with 
ditficulty soluble do not take long to become formed and to be. prcciiiitated 
wdien two different solutions containing their components meet. The 
formation of barite in the Rhine-We.stjihaliau district for instaiua', attracted 
gn^at attention last year in that, even where, barium couhl only be found in 
traces in one of the two solutions, large a.mounts of barite nevertheless 
became deposited in the pipes and interfered with the W'orking of the 
pumps. 

The numerous s|irings occurring in Westphalia though all vadose allow 
themselves to be classified in the following groups, each of which is char¬ 
acterized by a |)articular acid. The biases are practically the same through¬ 
out with the exception of barium, which plays a role apart and occurs 
sejiarately. The characteristic features of the separate groups are.: 
(u.) H,SO^ and IfCl; (h) CO„ in combination, H.,S()^, and IlCd ; (c) HCl and 
Ba; {(1) Htd in very small amount aiul small amount of bases, but often 
much free CO,^. Analyses of the w'atcr from the streams in the. neighbour¬ 
hood show that this water agrees very well with that of the first three 
groups, w'hich is what might be expected from the fact that where the 
coal formation occupies the surface, these streams are fed from springs 
emerging along fissures. Though the amount of barium is but small 
the formation of barite at the meeting of two solutions containing barium 
and sulphuric acid respectively, is intense. 

Fluorite according to Becquerel, is formed in the same manner by tlw? 
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prolonged contact of two weak solutions of amntonium fluoride and calcium 
chloride res])ectively. The minerals found in the gossan of an ore-deposit 
and those characteristic of the oxidation zone are also all included in this 
class. Among such Tiiinerals are cclestine, anglesite, cerussitc, malachite, 
azurite, erocoisitc, pyromorphite, minietite, libethenitc, cerargyrite, bro- 
margyrite, iodyrite, etc. With each of these the very minutest quantities of 
its components contained in one or other of the oolutions, are sufficient to 
bring about its formation. It may therefore be said that the fre(juency with 
which a mineral may occur depends not only upon the quantities in which 
its components arc containetl in the solutions concerned, but also ujion its 
tendency to precipitation and to re-solution. 

It occasionally ha|)pens that when two solutions mingle a reducing 
action arises. In this connection an old exiieriment by Bischoll is 
worthy of mention, wherein this investigator preserved a sealed mi.xture 
of sodium sulphate and ferrous carbonate for years, to lind eventually 
upon opening it that pyrite had been formed. \\ hen a solution of ferrous 
sulphate meets with another which is auriferous native gold becomes 
])recipitated, the result of its reduction from coinbination. This reaction 
plays a considerable part in the formation of the oxidation zone of gold 
deposits, a subject more closely discussed in the chapter dealing with 
the secondary depth-zones. It is to this cla.ss also that the recent 
dejiosition of gold in the siliceous sinter of Mount Morgan and of Steamboat 
8prings would ajipear to belong. 

(e) By Tiiii Action of (l.\sn,s i con Minkral Soltitions.- In this 
manner carbonates and silicates among others may be, formed. \\ hen 
free carbonic acid from whatever source conies into contact with a solution 
circulating in a fissure and containing a metal the carbonate of which is 
not readily soluble, the formation of this carbonate on a large scale takes 
jilace however weak that solution may be. Sulphuretted hydrogen under 
similar circumstances causes the formation of the heavy - metal 
sulphides. 

When these latter arc precipitated under ordinary tcmiieratiire and 
pressure they are amorphous, whereas at a higher temperature and under 
a greater pressure, or by slower precipitation, they assume the crystalline 
form. In this way Senarmont in 18.50, Becquerel, Diilter, W einsclicnk, and 
others, produced a whole series of crystalline sulphides, such as pyrite, 
pyrrhotite, chalcopyrite, galena, sphalerite, stibnite, cinnabar, [lyrargyrite, 
stephanite, etc. In most of their experiments temperatures between 100° 
and 300° 0. were used, though under favourable conditions some wore 
successful even at the ordinary temperature. With some sulphides the 
separation in cry.stalline form results, comparatively speaking, more quickly; 
thus the green crystalline sulphide of manganese, alabandite, often forms 
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one or two days after the addition of yellow aminoniuin sulphide to an 
aminoniacal manganese solution. 

(d) Rvr Elkctrolytic Ruecu'ITation.— Small scales of metallic silver 
are occasionally found covering native co])j)er, an occurrence which may be 
explained to be the result of galvanic precipitation according to the formula 
Ou + Ag,,SO| = Ag, + (!uSO|. Nevertheless by far the greater number of 
the occurrences of native inotal, according to all observations to date, have 
not resulted from elect'’olytic j)reci])itation but have been formed in some 
other manner. It must however be remarked that in regard to mineral 
formation the importance of the electric currents streaming tiirough the 
earth's crust has hitherto been but little studied. 

(c) By TJiE Acrriox of Solid Bodies dfon Soi.dtions.'- In the first 
])lace the reducing actioir exercised by minerals already formed must be 
mentioned. This action conies into con.sideration more jiurticulurly in 
connection with the noble metals and others which have but little affinity 
for oxygen ; the lower this affinity the more easily docs the metal concerned 
separate in its solid form. 'I'bc reducing effect of a piece of pyrite, chalco- 
]n’ritc, or galena, is for instance sufficient to jirecijiitate metallic gold and 
silver from their .solutions ; while mercury, bismuth, copper, and lead, may 
also be precijiitated by the addition of a reducing agent sufficiently .strong. 

The chemical-geological jn'oeesses operative in nature are however in 
general not .strong enough to precipitate from aipieous solution those metals 
which have a still greater affinity for o.xygen. Iron and nickel indeed do 
occur native, but almost exclu.sively as magmatic segregations in eruptive 
rocks and never as precipitates from aipieous solution. I’latinum, a nolile 
metal, appears to occupy a singular position in that it has never yet been 
found in deposits originating from aqueou.s solutions, but exclusively in 
magmatic segregations. The ex|)lanation of this will probably be that 
platinum only very exceptionally goes into solution, while the other noble 
metals are comjiaratively much more readily .soluble. Bold for instance 
may be dissolved in aqueous solutions of ferric sulphate, sodium silic.ate, 
sodium carbonate, sodium iodate, or it may be taken up in chlorine-water. 

According to experiments by Skey, Newberry, Liversidge, and more 
recently by Miinster, .lohannsen, Stockhausen, and Krusch, all the natural 
sulphides such as pyrite, sphalerite, stibnite, chalcopyrite, galena, etc., 
jirecipit.ato gold and silver in a relatively short time from any of their 
solutions, while millerite jirecipitates bismuth from its suljihide solutions. 
In these experiments it was seen that with concentrated solutions the gold 
])recipitated was often brown and earthy, while the silver pi'eci])itate was 
floccrdcnt. The, weaker the solution and the longer the time taken, the 
greater the resemblance of the ])reci[>itate to the actual occurrences in ore- 
deposits. The metallic gold, silver, copper, and perhaps also the bismirth 
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found in the crevices and cracks of galena and other sulphides in the lodes 
at Schneeberg, may in this way be explained. Such occurrences as these 
appear particularly in the cementation zone above the ground-water level. 
The mineral-bearing solutions formed by the action of the atmos])here 
upon deposits coming to the surface, continue their work of deeonij)osition 
into depth otily so long as the oxygen and the atmospheric salts are not yet 
consumed. As soon as this is the case the sulpnides in the deposit act 
reducingly in the manner described above, and gold, silver, and coj)per, may 
be deposited in amounts which in time might become considerabh'. 

Not oidy the sulphides but also the metals themselves may behave 
reducingly towards others in solution ; in such cases the metals of higher 
affinity for oxygen precipitate those, of lower affinity. In other cases the 
action of carburetted hydrogen, bitumen, or of ferrous compounds, suffices 
to precipitate metals having a low affinity. 1 ii this manner metallic copper 
is found on rotten mine timber ; or together with metallic siK'cr, along thi' 
bedding-planes of the well-known bituminous Iviipfersrliiefer : or along the 
cleavage-])lanes of hornblende, etc. At Kongsberg also, metallic silver 
occasionally ajipears along the cleavage-planes of anthracite awl garnet. 
The occurrence of metallic lead in the manganese deposit at laingban in 
Sweden is regarded by Hamberg as a precipitation by means of arsenic acids.^ 

Not only metals but metallic sulphides also may be jirecipitated by 
the reducing action of organic substances or of suljihides ; jiyrite for 
instance is frequently found ujion timber in old workings. In this con¬ 
nection an experiment of Ochsenius is interesting. A jiiece of Hint placed 
by this experimenter in a peat bog quickly became covered with a thin 
layer of pyrite resulting from the reducing action of the jicat upon the 
ferrous sulphate present. Marcasite and sphalerite can also be foiined in 
this manner. 

The juecipitation of sulphides and of suljiho-salts by older suljihides is 
of especial importance, because, in addition to the ordinary sulphides, 
pyrite, marcasite, galena, and sphalerite, the eagerly sought rich sulphides, 
bornite, chalcopyrite, and tetrahedrite, etc., may be formed in this way. 
As mentioned when considering the native metals, these sulphides, generally 
speaking, are always found where the surface waters have been in a jiosition 
to effect the decomposition and alteration of an ore-occurrence. An interest¬ 
ing example of the formation of galena is afforded by a deposit in Missouri 
where fairly coarse galena occurs cementing and encrusting the fossil bones 
of Mastodon and Elephas. No less interesting are the cry.stals of [lyrite, 
sphalerite, and chalcopyrite, which arc often to be observed within the air 
chambers of cephalopods. The secondary formation of minerals upon old 
coins is another instance of the action of solid bodies upon solutions. 

* ^ Zeit, f. KrietaUogr. u. Mineralogie, Vol. XVII., 1889. 
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Many oxides and hydrates may also be directly ])rpcipitated from 
solution, as for example limonite, manganite, haematite, the arsenical and 
autimonial oxides, and cuprite. According to Friedcl, corundum and dia- 
sporc are similarly precipitated at a temperature between 400° and ,500° C,; 
and according to Bruhns, magnetite and ilmenite at ."100° C., after the 
addition of some fluoride. This fact, especially in so far as it relates to 
magnetite and ilmenite, i.s,imj)ortant, because it indicates that these two 
minerals which it is cirtomary to find as magmatic segregations or in the 
form of ore-beds, may also occur in lodes. 

(/) By the Action oe Sotuitions upon Minkkal.s. -TIic formation of 
minerals in this manner is generally speaking, found to occur with 
contact-metamorphism, pressure-raetamorphism, anrl the processes of 
weathering. Of all the changes which take place in these different 
processes, the most interesting to the student of deposits is the rearrange¬ 
ment of the heavy-metal compounds to form new minerals. 

(n) (JonIdH-nwIfiiiiorphitim. -Hot magma exerci.ses in the majority 
of cases great ])hy.sico-chomical action u])on the neighbouring rocks. The 
zone subjected to this action having its boundary more or less parallel to 
that of the solidifying ma.ss, is known as the ‘ contact-zone,’ Limestone 
rocks within this zone become altered to a product (piite different from that 
n'sulting from the shales. Where earthy limestone originally existed the 
calcareous constituents become altered to white ery.stalline marble, while 
the argillaceous material ci'vstallizes as garnet, vesuvianite, scapolite, augite, 
hornblende, cpidote, etc. It is generally accepted that such a rccrystalliza- 
tion is brought about by hot solutions or steam escaping from the magma. 
The original limestone bed and the resultant marble generally show the 
same chemical c.omposition. In many cases however an accretion of 
material took place, this accretion being generally in the form of heavy- 
metal compounds; where these were deposited in sufficient amount 
ore-deposits resulted, .such being known as contact-metamorphic deposits. 
It must again be pointed out that the expression ‘ contact-de])osit ’ 
is unfortunately even to-day applied a good deal to occurrences having 
nothing to do with contact phenomena, but which by chance occur along 
the. [)lane where two rocks come in confact. This wi'ong use of the term 
should in all reason be, avoided. 

Finally, it may also be the case, that within the contact-zone an ore- 
deposit exists which was already present from the beginning and which, in 
common with the country-rock, suffered subsequently all the alteration 
imposed by contact-metamorphism. In such cases it is at times difficult 
to distinguish between an occurrence of pure contact-metamorphic char¬ 
acter and another which, present from the beginning, has only had its 
character obscured in the subsequent turmoil. 
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(b) Pressure-melmnorphism .—At those places of the earth s crust 
where in consequence of a horizontal pressure an intense compression and 
plication of the originally horizontal beds took jdacc, the rocks are often 
profoundly altered. In many cases this alteration has proceeded so far 
that the rook resembles the oldest crystalline schists, though distorted fossils 
present may indicate that the IxhIs are younger and I'eally of Palaeozoic or 
Mesozoic age. Such a complete recrystallization of the original material of 
the rock has been brought about by pressure and the heat thereby ])ro- 
duced, which being conveyt'd to the weak solutions held within the rock or 
circulating witliin its fissures, has given these a greater jiower of solution. 
Were any deposit pre-existent within this rock complex, this must also have 
become altered, and in a manner dependent upon its original nature. Were 
it a bed of siderite, an alteration to inaguetite or hamiatite would be 
most likely. In considering the genesis of (le|>osits under such circum¬ 
stances, the re-formation must be distinguished from the original formation. 
The re-formation of minerals resulting from pressure-metaniorphism may 
be distinguished from that occurring in the contact-zone by the dill'erent 
minerals present as well as by the structure, though where both classes of 
metamorphism were, active at nearly or at e.xactly the same time these 
distinctions lose much of their force. 

More recently it has been enileavoured to explain the alteration 
resulting from pressure, upon physico-chemical lines. We refer t,o Die 
kriHidlliiien Srliiefer by U. (frubenmann, and to several works by 
P. Becke. 

(c) MelaHomade Allenitiou. -.Minerals formed in this manner, like tho.sc 
arising from contact-metamorphism, result from the action of solutions 
upon alreadv existing minerals. In this ]irocess of alteration one minute 
particle after another of the. old mineral goes into solution, this solution 
then reacting with that containing the germ of the e.xchange in such a 
manner that a new mineral of different chemical composition becomes 
deposited. For instance, if a solution of ferrous carbonate act ujion calcite, 
the change of the latter to siderite proceeds by its gradual passage into 
solution from which it precipitates solution ferrous carbonate. Beccpierel 
as early as 1852, proved that calcite precipitated lead carbonate from a lead 
nitrate solution, this same reaction when a loiigiu- time was taken, resulting 
in crystalline cerussite. Similarly, smithsonite, would result from a zinc 
solution; malachite and azurite from a copper solution; siderite and rhodo- 
chrosite from a solution containing bouh iron and manganese, if air were 
excluded. Sorby also produced siderite by treating calcite with a solution 
of ferrous chloride. The processes however by which masses of slate and 
diabase are altered to iron ore, and porjihyry into manganese ore, arc more 
complex. In the latter case the lode-like manganese deposits on the 
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north side of the Thiiriii»cr Wald exhibit a transforniation so coi)ij)lcte that 
only the quartz of tlie original rock remains imafTcoted. 

Nature works generally with relativ(dy w(>ak solutions acting through 
long periods of time, so that in the end the result is proportional to the mass 
of the solution. The law of mass-action as.serts itself especially in these 
jrrocesscs of metasomatis. If large quantities of a solution of calcium 
carbonate act upon barium jjulpliatc, this latter becomes changed to barium 
carbonate ; or vice vensa, large quantities of calcium sul])hate solution 
gradually change barium carbonate to the suljdiate. It was from sucli an 
experiment as this, BaSO| + Na,(T)| = si}lution, that (Inidberg and Waage 
started out upon tlnhr study of mass-action. Bindi reactions as these 
established in the laboratory, are often to be observed in nature, for 
instance the change from barite to witherite and conversely that from 
witherite to barite. To .such meta.somatic change limestone ajid 
dolomite are more susceptible than all other rocks. From these two rocks, 
in ad<lition to tin; case of aiilerit<! which has already been mentioned, 
several heavy-metal sulphiilcs and es|)ecially those of lead and zinc may be 
formed ; it is indeed in this manner that many of the known lead-, zinc-, 
and iron de|)osits have arisen. 

Besides such occurrences in which the ore is almost exclusively formed 
by metasomatis, other analogous alterations take place to a subordinate 
extent in the formation of all inseful ore-deposits. The occurrence.s for 
instance d('.scribed on p. Ill and ascribed to oontact-metamorphism, 
originate by an alteration of the limestone in a manner clo.sely related to 
metasomatis. The dillerence in fact lies only in the source of the .solutions, 
though, in addition, with contact-mctainorpliism the crystalline form of 
the original limestone is less often preserved than with metasomatis. 

'I'hc occurrence of subordinate metasomatic proces.ses may also be 
substantiated in many lodes. In the tin lodes of Cornwall for instance, 
crystals of cassiterite arc found as p.seudomorphs after felsjiar, which 
psoudomorphs, though produced by pneumatolytic action, must neverthe¬ 
less have been formed by a procedui'c analogous to metasomatis. In the 
characteristic greisen zone usually found accompanying these lodes when 
in granite, the newly-formed minerals often maintain the original shape 
of the constituents of the granite, a result which also must have been 
effected bv a procedure analogous to metasomatis. With projiylitization 
described on p. 131, similar features present themselves. Even in those 
cases where to the naked eye little alteration of the country-rock along the 
lode may be noted,the microscope will often show that considerable changes 
have in reality taken place. Such changes as these which more generally 
consist in the formation of sericite, chlorite, quartz, etc., arc always more or 
less closely connected with the formation of the ore now found filling the 
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fissure. It is stated by some American authors that the extent to which 
these newly-formed minerals occur is characteristic of the different classes 
of lodes, and a classification based upon the alteration of the country-rock 
has even been proposed. 

(d) Wealkering and other Processes of Alteration. -In many cases it is 
not necessary that the mineral undergoing change shall in its entirety 
be brought into solution. Quicksilver-tctrijhearite for instance may 
apparently be changed into cinnabar by the removal of As„S, or Sb.,S,, 
probably by means of alkaline sulphides. 

If an alkaline sulphide act upon metallic silver, argentite is formed ; 
pseudomorphs of this latter mineral after the former may even bo observed. 
Similarly, copj)er may be converted into cuprite, malachite, or azurito. 
With those noble metals however which are more inert than silver, 
as for instance gold and platinum, such changes as these do not appear to 
be known. The native gold found as a secondary deposition from telluride 
ores has been formed by the removal of the tellurium, which removal has 
doubtless been caused by atmospheric agencies. 'I'hc occuirreiu^e of native 
copper in pseudomorphs after cuprite is attributed by Knop to the action 
of a weak acid which, from the cuprite, Cu,0, took CuO, leaving the cojiper 
as metal. In addition pseudomorphs of copper after azurite occur, and 
of silver after pyrargyrite, proustitc, stephanite, etc. 

Sul])hide ores are readily changed to sulphates, oxides, hydrates, etc., 
by mineral solutions of an oxidizing character ; or into carbonates by the 
action of waters containing carbonic acid. Pseudomorphs of limonite after 
pyixhotitc and pyritc, have been formed in this manner ; of lead suljihate 
and lead carbonate after galena ; and when phosphoric or arsenic acid wore 
present, of pyromorphite and mimetite after galena. 

'ITvis class of mineral formation is characteri.stic of the. oxidation zone 
of ore-deposits where the formation of oxides and carbonates, through the 
deoompositi(ni effected by the oxygen- and carbonate-containing water of 
the atmosphere, may be observed on a large scale. The decomposition of 
chalcopyrite, (!uFcS.„ is particadarly interesting. Usually limonite is 
formed while the copper content largely becomi's carbonati‘ or oxide, both 
the cop[)cr as well as the iron then remaining in silii after decomposition. 
Where the copper is completely removed, the iron, in the form of limonite, 
remains alone. More rarely however chalcopyrite may decompose to 
covellite which remains, while the iron content in thatcase becomesremoved. 
Equally rare is the formation of co]>per silicates, such alterations as these 
depending upon more complicated reactions. Bismuthinite and bismuth 
by weathering change to bismite; stibnitc to valentinite and senar- 
montite ; cobaltite generally to erythrite ; the suljih-arsenides of nickel to 
annabergite, etc. 
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Sometimes a reduction of the oxides even to metal has taken jilace. 
Thus, as mentioned above, pseudomorplis of native. co|)per a,fter cuprite 
may occur. Ry the action of ga.scs or solutions specularitc may become 
reduced to magnetite, a reduction which at a soniewliat j'aised tem|)era.ture 
requires but little of the reducinff aeent. This latter change is exoniplitied 
at Orilniresbere, where along the dykes of pegmatite-granite the s|)ecnlarite 
has been altered to magnetite. 

More fre(|Uont however than reduction is the advance of an oxide to 
a higher state of oxidation, or the transfoi'ination of oxides to hydrates 
or carbonates. I’seudomorphs of hiematite after magnetite are ([nit(^ 
friupuent; h;ematite, often changes to limonite, cuprite to aznritc. W'ith 
two or more carbonates of one metal di.stingnished l)y differences in tlie 
amount of water they contain, weathering may produce pseudomorphs of 
those carbojiates after one another, thus malachite after azurite,and azurite 
after malachitic 

Hydrates and ca rbonates often surrender their water or carbon dioxiih'. 
Hiematite has in this way often been formed out of limonite and out of 
siderite. In Siegerland it has been observed that the pseudomorjihs of 
hiematite afti'r siderite exhibit the same volume as the original material, 
which could only be possible w'hen the solutions efl’ecting the oxidation 
introduced an amount of iron at the same time. Pseudomorphs of pyro- 
lu.site, and psiloinelane after rhodochrosite are also known. 

in special eases, as for instance in the Rocky Alountains and at 
Rroken Hill, silver ores are changed to chloride, iodide, or bromide. 
While the formation of the chloride in view of the frequency of sodium 
chloride in atmospheric water is not remarkable, the associated or'currences 
of the iodide and bromide are more striking. Such alteration in many 
cases is referred to the action of sea-water or of mothi'r-liquors, and pro¬ 
bably rightly so in view of the fact that the two-thoiisiuid-year-old 
slags of Laurion in (Ireecc now', as the resiih. of the action of sea-water, 
pre.sent the formation of lanrionite, Pbi'lOII. 

The change of smithsonite to heniimorphitc and that of copper ores to 
chrysocolla is fairly frequent. 

In addition to all the proces.ses of mineral formation which have been 
mentioned there are others which have either not been studied at all, or 
only studied superficially. In this connection investigation at very high 
temperatures such as have till now only been reached in the electric, 
furnace, is particularly lacking, though experiments made under such 
conditions would doubth'ss reveal many new' facts. .Similarly, mineral 
formation under great pressure such as must obtain when crystallization 
takes place, in fissures at great dc|)th8, has likewise received little attention. 

It must here be remarked that one of the chief results of the investigft- 
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tion of mineral-synthesis is, that one and the same mineral may be formed 
in very different ways. Many sulpliide ores may arise by differentiation 
from molten silicate magmas, by pneumatolysis, by the reaction of gases 
and vapours upon one another, or finally by j)recipitatlon from a(pieous 
solution. The production of a mineral by a certain chemical process does 
not therefore justify the statement that this mineral in natui'e has always 
been formed in that particular manner. In the investigation of the forma¬ 
tion of ore-deposits therefore, the chemical-mineralogical point of view 
alone is not determinative, but in order to decide the manner in which in 
each case a particular mineral was presumably formed it is necessary also 
to consider all the geological factors. 
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LITEHATURK 

F.W. Clarke ‘The liolativo Abundance of the Chemical Elements,’ US Cool iSm\<‘y, 
Bull. 78, 1891 ; 148, 1897; 228, 1901; and 330, 1908. 11. h. VoOT. ‘ Ober die relative 

Vcrbreituni; der KIcmoutc, besonders iler Schwerinetalie, uiid uber die Koniientration dcs 
nr.<<prujjgbch fein vaateilteii Midallgehalts zu Eizlagerstalten,’ Zeit. f. prakt. Ge<il., 1898 

The earth’s mass consists of: 

1. Tile gaseous envelope, or the Atniospheri'. 

2. Tlie liipiid envelope, or the. Hydrosphere. 

3. 'I'he solid crust, or the Lithosphere. 

1. The interior, the I’yrosphere or the Barysphere. 

Estimates of the average thickness of the crust have been made by 
comparing the rise of temperature in depth with the rise in the molting- 
[loints of the minerals under pressure. The ri'sults thus obtained 
vary between 10 and 150 km. Vogt in his most reeent work^ estimates 
between GO and 80 km. 

According to the view generally accejited, both pressure and tem|iora- 
ture gradually increase towards tlie centre of the earth. The coneliision 
may consequently be drawn that in tlie interior the critical temperature of 
all compounds, by reason of intense heat, will long bo passed, though, 
according to Arilienius, on account of the trcineiidous pressure the material 
there present will exist in an c.xtreiiiely viscous condition which he describes 
as that of gases compressed to be as rigid as iron. 

The average speciiic gravity of the entire earth is about o-G, while that 
of the solid crust is only 2-7 or 2-8. It is therefore justifiable to consider 
that the specific gravity of the interior must be something more than o-G. 
This high figure it is sought to explain by assuming the heavy metals, 
more particularly in metallic condition, to be collected there, an assumption 
which is supported by Gouy-Ohaperon’s law, according to which the heavy 
components of a solution tend to sink to the bottom. Meteorites in their 

. ‘ Tachenn. Min. I’etrogr. 1907. 
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composition also lend some support to this view in that these bodies, 
which must be regarded as fragments of shattered heavenly bodies, consist 
largely of native iron and nickel. 

'I’his assumption— together with the demonstration by French investi¬ 
gators about 1850 that many ores might be formed by pncumatolytic 
reactions such as that expressed by the formula SiiFlj-f-Sfl.^O — SnO„-t- 
4HF1—led to the hvj)othesis that the heavy metals of ore-dej)osits were in 
great })art and more or less directly derived from the earth's interior. 
Later however this hypothesis was abandoned by almost all the authorities 
when it became recognized that ore-deposits by differentiation could be 
formed directly from eruptive magmas ; by leaching jirocesses, the so- 
called lateral secretion in the widest sense of the term ; and by depo.sition 
from mineral-bearing solutions. Hut be the far original source of the 
ores where it may, all observations point to the conclusion that the 
more jiroximate source is chielly in the lithosphere and the magmas 
found thci'eiu, and subordiiiatoly in the hydros|)here and atmos|)here. 
The composition of these three envelopes has therefore a great bearing 
upon the derivation of the components of ore-de])osits. 

While the dotermination of the average composition of the atmosphere 
and the hydrosphere offers no jiarticular difficulty, in determining that of 
the crust it must be remembered that speaking generally each younger bed 
is built uj) of material derived from others pre-existing. If the building up 
of a new bed- -that for instance of a sandstone at the sea-coast, of a clay at 
the bottom of a lake, or of a limestone at any coral reef, be observed it is 
seen that : 

(u) The sandstone consists of the regularly arranged detritus derived 
from the land, in which detritus ipiartz by reafsou of its greater capacity of 
resistance, predominates. 

(I)) The clay consists of the, finest material of |)re-existing slate bods 
dejiosited alresh in the quiet water of a large lake. 

{cj The limestone consists of chemical compounds derived from older 
rocks taken by rivers to the sea, where their sejiaration from solution and 
eventual preeijiitation were effected by living organisms. 

If accordingly each younger rock is formed in this manner from others 
pre-existing, then the whole se(|uence of the sedimentary formations must 
have arisen from rocks still older at their base, namely, the crystalline 
schists and the eruptive rocks. The enqitivc rocks which intrude the sedi¬ 
ments will in their turn consist of mineral originally contained in the 
stores of magma within the earth’s crust. The investigation of the average 
composition of the solid crust may conseipiently be started from two points. 

1. The fundamental crystalline schi.sts. 

2. The eruptive rocks. 
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The cliemical composition of the solid crust may be determined fairly 
accurately as was first indicated by (darke, in 1891 and confirmed after¬ 
wards by Vogt, Harker, Washington, and others by putting together a 
large number of analyses either of the eruptive rocks or of the crystalline, 
schists. Different estimates made on these lines have shown in a stril<ing 
manner that the average of a large nmnl)er of such analyses obtained 
in the one way, is a])pro^imately the same as that obtained in the 
other. In consecpiencp of the fact that the, different geological formations 
in greater part no longer lie horizontal but liave been raised and later 
partly destroyctl by tectonic processes, beds of the most varied geological 
age now a])|)e,ar at the surface. So much is this the case that a knowledge 
of the earth’s crust to an average dc])tli of about 16 km. has become possible. 
Reckoned to this depth, that jtortion of the earth's nia.ss of which tiie 
composition may be determined, consists approximately of : 
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the, less freipient elements those of Vogt supplement those of Clarke. 
According to the latter authority, the more extensively occurring minerals 
take, jiart in the com|)osition of the, eni[itive rocks in the following 


ajiproximate |)erce,ntages by weight: 


Fclspai' ... . jiIkmiI 50 5 

Hornblcndi* and ])yr<>\cne . „ lOS 

Quartz ... I:i0 
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'I’utal 


94*2 per rent. 


It is seen that of the entire mass of the earth’s complex crust oxygdn 
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forms nearly one-half by weight. It may be expected that going 
inwards towards the centre this proportion, in consequence of the 
increased proportion of native metals and probably of metal carbides, will 
diminish. This element in every stage of the formation of the earth’s 
crust is the most important agent of the chemical-geological processes; 
compared with it hydrogen and nitrogen ])lay quite unimportant parts. 

Among the halogen elements chlorine, as an essential constituent of 
scapolitc, sodalite, chlor-a})atite, etc., appears to bo more particularly 
present in basic rocks. The microscopic; cubes of common salt seen floating 
in liquid inclusions in cpiartz and other minerals, indicate its })resence there 
also. Fluorine on the other hand in lluor-apatite, in many micas, horn¬ 
blende, tourmaline, toi)az, etc., is an element characteristic of the acid 
rocks. 1 n spite of the relatively small extent to which the halogen elements 
occur in the earth's crust, on account of their energy they have played a 
highly imjioi'tant part in many chemical-geological processes, such for 
instance as tin; formation of the tin and the apatite, lodes, (>tc. 

The greater portion of the chlorine now known is found in S('a-water. 
The salt beds formed from the oceans of former geological times contain 
but a fraction of the total amount in the earth's crust. If all the known 
salt beds were spix'ad out as a covering of uniform thickness enveloj)ing the 
whole earth, that thickness would at the most not be more; than .5 m. 
which, in ])roportion to an average thickness of Ifl km., would indicate that 
the chlorine in the salt beds only amounts to O-OI,') per cent of the earth’s 
crust. Sea-water contains .5(1-200 or on an average about 150 parts of 
chlorine to one of bromine, and aboiit ten times as much bromine as iodine; 
it may be assumed that the proportion between these three elements in 
the solid crust is about the same. In conseijuencc of their small e.xtent, 
bromine and iodine have in general not been of much importance in the, 
formation of ore-deposits ; indeed we know of only one instance, and that 
in lodes on the west coast of South America, where combinations of these 
elements with heavy metals have assumed any importance. 

Sulphur, the average amount of which in the rocks ('lark(! deter¬ 
mined to be (Ml per cent, i.s found in tho|cruptive rocks chiefly in the 
form of suljihide ores, such as pyrite, etc. Such .sul|)hides, as indicated 
on p. 129, are, s(»luble. to a certain extent in molten silicates, this solubility 
rising with the, temperature, and with the basicity of the molten mass. 
From this it follows that the, basic eruptive roeks as a rule contain 
more sulphur than those which are acid. 'I’he presence of sulphurous 
vapours in volcanic exhalations is well known. Sulphur is the chief 
factor in th(! formation of dejjosits of sulphide ores and of such sulj)hates 
as selenite, anhydrite, barite, etc. Selenium, which chemically is closely 
rMated to sulphur, accoinj)anies that element in nearly all its deposits. 
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being consequently found almost regularly in the lead clianibcrs of 
sulphuric acid works. In amount however it falls far behind sulphur, 
the relation between the two being as 1 to 100,000, and it is only therefore 
in exceptional cases that it plays any important part in ore-deposits. 
Mention must however bo made of its occurrence in gold-silver lodes in 
New Zealand, Sutnatra, and Nevada. Tellurium, though in relation 
to its chemical properties approaches less closely to sul])hur than does 
selenium, nevertheless sometimes occurs in considerable amount with 
sulphide ores, as for instance in the gold lodes of Western Australia, 
t’olorado, and Siebenburgen. 

l’ho.sphorus, the atuount of which in the eruptive rocks has be(‘n 
determined by Clarke to be ()-(i |)er cent, occurs chieHy in the mineral 
apatite, which mineral is found in the basic ernj)tive rocks, exce|)ting 
labradoritc and pcridotitc. Boron is found chiefly in tourmaline, a.xinite, 
datolite, etc., and in acid crujdivc rocks. It is only in but few cases 
that this element occurs in sufficient amount to form useful deposits, 
though this is so at Sasso in Tuscany and at Volcano, one of the Lipari 
Islands. In some volcanic exhalations, especially in connection with 
graiutic cruj)tives, it has however played a not unimportant ])art. 

Silicon after o.xygen is the mo.st jdentiful element in the earth’s crust. 
The 28’2 per cent of silicon given on a jirevious page is jwactically e(piivalent 
to 00 per cent SiO,. A revised estimate based not only upon bulk analyses 
but also upon considerations of the relative distribution of the different 
eruptive rooks, on account of the great extent of granite, would probably 
give somewhat more than 60 per cent of SiO,. Among the silicates the, 
f(ds|)ars are the. most fnupient, and among these the plagioclase felspars 
arc quantitatively more important than the orthoclase. 

Titanium occurs particularly in ilmenite, titanomagnetite, rutile, etc., 
and in certain varieties of pyroxene, hornblende, mica, etc.; it is found 
chiefly in basic rocks. Zirconium is found'chiefly in the mineral zircon 
w’hich occurs most frequently in iuq)licline- and augite-syenites and in other 
intermediate rocks. Zircon also occurs in acid rocks, but oidy rarely in 
those w'hich are basic. Oermanium was di.scovered in 1880 by Winkler in 
argyrodite, and its jjresence was afterwards established in Bolivian tin ores, 
and in different niobates and tantalates ; it belongs to the rare elements. 

Uoucorning the occurrence of the noble earths, the investigations of 
Iddiugs and Cross in 1885, of Derby in 1891, and of Cleve, have afforded 
information, The.se elements, more particularly since their employment 
in the manufacture of gas-mantles, have been the subject of closer 
study, one result of which has been to show that some of them arc not 
so rare as they w'cre. formerly thought to be. 'I’lnis allanite, monazite, 
and xenotime are found fairly frequently in the acid igneous rocks fwid 
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in certain gneisses. Before reflecting upon the chances of eventually 
working such a primary source of monazite it should he realized that 
the monazite amounts to only about O-Ol per cent, and the average 
amounts of the other noble earths are considerably less. Cerium and 
yttrium, which appear to be the most extensive of these, do not 
probably amount to more than O-OOl ])er cent and thorium to not more 
than O-OOOl per cent, aftiu' which follow lanthanum, didyniium, and 
thorium. At jjresent monazite is won entirely from gravcl-dei)osits. 

Carbon occurs chiefly in the atnios()here as carbon dioxide, but also in 
the solid crust as carbonates, hydrocarbons, and coal. So various is its 
occurrence that anv figures of its amount are unreliable. 

Sodium and potassium are approximately eipially distributed. They 
occur cliiedv in the felspars and are therefore found in greatest amount in 
the acid and intermediate erujitive rocks. Lithium by spectroscopic 
analysis may be detected in most rocks, though it occurs more frequently 
in the acid eruptives and in some minerals associated with tin lodes in 
granite. Of the rarer light metals, rubidium is found in sea-water in 
quantities one-thousand times less than sodium, and ca'sinm in still 
smaller amount. 

Calcium occurs chiefly in anorthite felspar, in angite and hornlilende, 
in calcite, and in numerous other minerals, and prefei-ably in basic rocks. 
Numerous experiments by Dieulafait 18.51 ; Breithaiipt IHbii; Sandberger 
18.58, 1877, 1882, 1885; Clarke and llillebiand 1891; and later by 
Hogbom 1895; Stelzner 1896; and ilclke.skamp 1902, have shown that 
barium is found in many rocks, esjiecially tho.se which arc felspathic, 
in amounts which can by no means be considered small. Strontium 
often occurs with barium but in .smaller amount. Both elements are 
in greater part associated with basic rocks rich in felspar. Magnesium 
occurs principally in angite, hornblende, biotite, olivine, in the sjiinels, 
dolomite, magnesite, etc., and chiefly in basic rocks. The. most important 
beryllium iniiieral is beryll which is generally found with acid rocks. 

Aluminium, the mo.st exten.sively occurring mineral of all, is jiarticu- 
larly associated with the feisjiars. It occurs .somewhat more plentifully in 
the basic than in the acid rocks. 

Iron occupies the fourth place upon the list of elements given on ji. 149, 
though among the heavy metals it is the first. The dillcront estimates of 
the iron content of rocks made by Clarke weie 5-46 in 1891, 4-71 in 1897, 

4- 64 in 1900, and 4-46 in 1904 ; by Ilarker 5-6 ; and by Washingdon 

5- 42; so that the average may be put at about 4'5 per cent. Corresjionding 
estimates for manganese by Clarke in the same years as above were respec¬ 
tively 0-07, 04)8, 04)7, and 04)84 jier cent; and according to Vogt as 
th« result of 553 analyses, 04)70 04186 per cent. Both elements occur 
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most plentifully in basic rocks, manganese cliiefly in silicates; iron 
however occurs also to a considerable extent in oxi(l(‘ and sulphide ores. 
While these sulphide ores particularly favour the basic eruptive rcM'ks 
givitig those rocks their high content in iron, the acid rocks have relatively 
a higher manganese content.* The average relation of manganese to iron 
for all rocks is approximately IMn : l()-7dEe, a proportion which also 
represents very well the relation between tin; present yearly ])roduction 
of these two metals. 

Nickel occurs principally in two forms, firstly in small amounts in some 
ferro-magnesiuni silicates and especially olivine; and secondly in pyrrhotite, 
pyrite, and in the sulph-arsenido ores. I’eridotitc and its decomjxisitiou 
|>roduct S(U’pentine, contain generally from 0-(»75 to f)-15 per cent of nickel; 
while diabase, gabbro, and basalt, contain about 0'(I3 per cent. Nickel in 
crystallizing from basic magmas associates itself partly with the sulphides 
and partly with the silicates; among the latter the association is 
particularly with olivine, and less with the other ferro-magnesium 
silicates. Thus olivine from an occurrence, of saxonite at Biddle in Oregon, 
according to Koullon contained 0'2.'j per cent of nickel, while bronzite from 
the same rock contained 0-0] per cent. According to Stelzner, 0'()7 per 
cent and 1)-028 per cent have also been found in the, mica of granite and 
gneiss from Saxony. I’yrrhotite fromthegneiss andsidnstsof the crystalline 
schists generally contains from l)-25 to O-.j per cent of nickel, while that 
from the gabbro generally contains a considerably higher |)ercentage. ('larke 
m KfO'l from 213 analyses, found an average of 0-1)23 per cent of nickel 
for all rocks, which is probably too high .since many rocks, and especially 
the acid rocks which are practically free from nickel, were not adcf|uately 
represented in those analyses. The estimate of A'ogt made in LS98 was 
O-OOf) ])er cent which however, contrary to that of ('larke, appears too low. 

(’obalt is consf.antly associated with nickel in olivine as well as in 
sulphides although it occurs much more sparingly. The nickel-pyrrhotitc 
.segregations in gabbro generally contain ten to twenty times as much 
nickel as cobalt. A collection of 7.5 aiialv.ses of terrestrial as well as 
inetooric nickel-iron showed the relation of nickel to cobalt in them to be 
8-20 : 1. Since a similar result is obtained from analyses of olivine, this 
figure may be acco|)ted a.s a satisfactory average. 

Chromium occurs mostly in jicridotite and in serpentine its decom¬ 
position jiroduct, these rocks usually containing 0-0.5-0.,50 per cent. 
Other basic rocks contain at most only 0-01 jier cent, while the acid 
rocks contain still less. Vanadium, as demonstrated by Hillebrand in 
1898^ and lati'r particularly by Clarke, cannot be considered as be¬ 
longing to the rare elements. It is found ])rincipally as the oxide V.O,, 

' Vuai; Zeil. f. pridi (Irol.. HKIli. - Aiiirr. Joiini vj Sc 
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especially in augite, hornblende, mica, and in the iron minerals found in 
eruptive rocks. Niobium sprd tantalum, molybdenum and uranium, 
are all rare metals, and all, with the exception of molybdenum, are 
found associated with granitic rocks. Radium must be considered as 
belonging to the very rarest of metals ; it occurs most in uranium ores but 
occasionally also in monazite and thorite. 

Tin has been found by Hose, Sandberger, Scharizer, Schroder, Schulze, 
and Stelzncr, in the primary constituents of granite and especially in the 
mica, up to and beyond OdO per cent of SnO^. Clean orthoclase and 
plagioclase from the Erzgebirge which Stclzner caused to be carefully 
analysed, gave tin in amount from a trace, to 0-083 per cent of SnO,^. fn 
eleven samples of granite from Hanka and Billiton, IVTnkler found from 
0-01 to 0-07 per cent of SnO,. Tin is in fact very definitely a granitic 
element. Tin oxide has also occasionally been known to occ.ur in small 
amount in hornblende from Greenland, in tourmaline, erdmannite, poly- 
dymite, pyrochlore, and tritomite, etc. The occurrence of a small atuount 
of its oxide in erdmannite, polydymite, etc., from the ne))h('linc- and 
augite-syenites of southern Norway, shows that it tiiay also bo contained 
in intermediate roc^ks ; that this is also the case with the basic rocks 
follows from the demonstration of its existence as traces in the titaniferous- 
iron ore of basic segregations in gabbro. 

The remaining heavy metals zinc, lead, arsenic, antimony, copper, 
quicksilver, silver, gold, and the platinum metals, etc., are all sparingly 
distributed, and yet so widely that most of them as for instams' zinc, lead, 
arsenic, copper, sdver, and even gold and platinutn, may be detected in 
sea-water. The presence of gold in sea-water has been iiiore than onci! 
definitely determined. Sonnstandt in 1872 gave, the amount as less than 
65 mg. per ton ; Miinster in 1891 gave 20 mg. silver and 5 mg. gold ; Liver- 
sidge ^ 30 60 mg. gold ; and the very careful atialysis of l)on“ 1-2 to 4-6 
mg. gold. If an average of 5 mg. be taken and 1200 million cubic kilo¬ 
metres be accepted as the latest estimate of the volume of sea. the total 
amount of gold in the sea-water becomes 6000 million tons. Since the 
present yearly production is about 600 tons, this gold if it were exjiloitable, 
which is not the case, would sullice for the work of ten million years. 

In rock-salt also, including the. sylvite and carnallitc of the, salt 
beds, Liversidge succeeded in finding ()0- ]2() mg. of gold ptu ton,^ and 
Professor Friedrich in more recent experiments'* 12 mg. per ton. T'he 
associated anhydrite and saliferous clay art; also somewhat auriferous; 
from 60 sattiples te.sted, 6 gave gold in weighable quantities. In sjrite of 
the comparatively concentrated amount in which gold is found in these 

, ' J ourn. Hoc, A"-SMI' XXIX. 1805. ^ Amer lu.'il Min Kiuj., I8!)H. 

'I'rans. Chew. Snr , 1897. "* MetaUiinjie, 1900. 
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salt beds, the actual amount yet remains so small that no j)rofltablc 
exploitation can be imagined. In the mother-liquors of salt lakes amounts 
up to 1530 mg. per ton have been determined. The silver content of the 
sea-water is usually several times that of the gold. 

The constant presence of the heavy metals in all eruptive rocks, though 
in small anmunt a view long known to have been held by Durocher, 
Malaguti, Dieulafait, Forqhhammer, Rischoff, Sandberger, and others— 
may be inferred from the fact that not only such metals as copper, arsenic, 
etc., but even gold, silver, and the platinum metals, occur in some magmatic 
segregations. 'I’ho Canadian and Scandinavian nickel-})yrrhotite segrega¬ 
tions in gabbro for instance show a constant though minimal content of 
precious metals. According to Vogt' the following relations obtain in 
these deposits, 100,000 parts nickel to 20 parts silver, | part platinum, 
and J part gold. If it be considered that the nickel content in the 
original gabbro magma amounted to 0-05 per cent, and that the precious 
metals during magmatic segregation became concentrated in the same 
proportion as the nickel, then the original gabbro magma contained 
O'OOOOl per cent silver, O-OOOOOOl per cent gold, and O-OOOOOOI 
|)er cent jrlatinum. Further with regard to platinum, the native occur- 
lamce of this metal in magmatic segregations in peridotite, indicates 
an origin.al )>latiuum (H)ntent in the peridotite magma. 

Co])j)eT is also ])rescnt in the above-mentioned nickel-pyrrhotite 
deposits but not to the same extent as nickel, the relation between the two 
being generally as 1 of copper to 2 of nickel. Since copper on account of its 
intimate relationshi]) with sulphur probably becomes more concentrated in 
th(! ])rocesses of magmatic dift'enuitiation than the nickel, the original 
copper content of the gabbro magma was probably less than that of the 
nickel. 

From a study of the ])ropoi’tions in which the diflerent metals occur in 
ore-deposits, conclusions in many cases may be drawn concerning their 
relative; |)roportions in the rocks. T'hus copper and lead may well occur 
1(10 but not .5000 times as plentifully distributed in the rocks as silver ; 
and silver again 100 to 500 times more plentifully than gold. Zinc 
can be taken to occur at least 100 times and probably 1000 times more 
plentifully than cadmium. 

The occurrence of traces and of minute, though still W'eighable amounts 
of metals in the rocks, has long been the subject of research and discus.siou, 
no agreement of opinion having been reached as to the nature of the associa¬ 
tion in which the metals thus occurn'd. The following observations have 
considerable bearing upon this (piestion. When crystallizing from an 
eruptive magma, ))otassium and sodium possessing the greatest affinity for 
^ Zcit.f. prahi. Oeol, 1902. 
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oxygeu go entirely, and calcium, magnesium, and aluminium, in greater 
part, to form silicates. The manganese present is mainly taken up in 
the ferro-magnesium or in the ferro-niagncsium-calcium silicates, while 
only a small portion passes over to the oxide ores. The chromium of the 
basic portioii of the magma is found ])artly with the silicates and partly 
with the important oxide products, chromite and chromc-si)inel. Iron, 
possessing a lower affinity for oxygen than, chromium, |)asses cither 
into the ferro-magnesium and ferro-magnesium-calcium silicates, or into 
oxide ores, in which latter condition a considerable jiortion of the 
original iron content is generally found ; or it passes into sulphide ores and 
es])ecially into pyritc and ])yrrhotite ; or ipiite e.xccptionally it remains as 
metal. 

Zinc, which in its bearing towards oxygen lies between chromium, 
manganese, and iron, occurs in greater part in such silicates as wilhnuite, 
hemimorphite, the triclinic pyroxenes, and other minerals ; though it is 
also found in sul])hides and in oxide ores. Cobalt and nickel, posscs.sing 
a lower affinity for oxygon than iron, associate themselves eithei- with tin; 
ferro-magnesium and the ferro-magnesium-calcium silicates as in olivine ; 
or with the sulphides, the, nickel more particularly with pyrrhotite and the 
cobalt niore frequently with ])vrito ; or (^xceptionallv they occur in the 
metallic state as in nickel-iron. Tin as oxide associates itself chiefly with 
the silicates, and again, though less often, with the titanium and zircon 
minerals. Tin oxide however, when it is contained in greater amo\mt in 
the magma, may also crystallize as cassiterite. Lead and copper are 
the last metals in the sequence of affinity for oxygen to form silicates. 
Lead forms the e.xtremely rare nnnerals barysilite, ganomalite, etc., and 
various artificial lead minerals, while copper forms the hydrous minerals 
dioptasc and chrysocolla. Both metals have in addition been found to 
occur m minute quantities with other silicate, mimwals ; lead for instance 
with hemimorphite and some manganese silicates, and c()p[)cr in blue 
vesuvianite. The greatest [lart of the, lead and copper is however not 
found with silicates, but as sulphide componnds, chiefly galena and 
chalcopyrite. Since apatite is i.somorphous with pyromorphite and 
mimetite, it is ahvays jiossible that a small |)ortion of the lead may 
associate itself with apatite ; this has indeed been established by Schcrtel 
and Stelzncr. With mercury, silver, gold, and the platinum metals, 
which in their affinity for oxygen arc at the bottom of the sequence of 
metals, it may be accepted that no silicates are formed, but that the 
fractional amounts of these metals contained in the original magma exist in 
sulphides, tellurides, and arsenides, though gold and [ilatinum to a smaller 
extent may also be in native form. 

' That the rarer heavy metals are distributed so extensively in many 
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rocks even thongh[the ainoiiiit be small, has an important bearing tipon 
the ‘ lateral-secretion theory.’ Sandberger' and other zealous followers of 
this theory held the viewthat the ferro-magnosium and the ferro-magnesinm- 
calcium silicatesmica j)artieularly, bnt also augite, hornblende, etc.. 
contained in general small quantities not only of manganese, chromium, 
zinc, cobalt, nickel, and tin, but also of lead, copper, autimony, bismuth, and 
even silver. This assertion m regard to the last-named minerals ap])cars 
however not to have been justified ; it was found that the mica, etc., 
analysed by Sandberger, contained ama.ll amounts of sulphide ores filling 
cracks and crevices. The mica stated by Sandberger to contain silver was 
shown by the careful research of Steizner to be free from that m('tal.‘‘“ 
Later, in 181)8, Don, in New Zealand, by numerous analyses demonstrated 
that the small amounts of gold which could generally be found in the 
rocks in the neighbourhood of auriferous deposits were ])roportional to the 
amounts of |)yrite they contained, so that the gold actually was associated 
not with the original rock but with the .secondary pyrite. 

The following figures e.xpressing approximately the relative abundance 
of the various elements will be of interest, 500 oxygen : f sulphur ; 
10,000 100,000 sulphur: 1 selenium; 500 sodium: 180 j)otassium: 1 lithium. 
I rubidium ; 5 chlorine : I fluorine ; 2 chlorine : 1 lluorinc, in the solid 
cru.st; 150 chlorine : I bromine : itMliue ; 400 calcium : I barium: 

strontium ; .500 magnesium : 1 beryllium; 1000 aluminium : 1 barium; 
10,000 alumimum:! cerium:! yttrium; 05 silicon:! titanium; 25 
t itanium : 1 zirconium ; 25,000 silicon : ! tin ; 00 iron : 1 manganese ; 
.'500 iron : I chromium; .500 iron : ! nickel; 10 15 nickel:! cobalt; 
.500 2000 lead or copper : 1 silver; 25 100 silver: 1 gold; .500-1000 
zinc,: 1 cadmium. 

The preference which some elements appear to have for acid erujitives 
and others for basic, is an im|>ortant point in the investigation of the 
genesis of ore-deposits. According to Vogt the following generalizations 
may be made : 

Elkments ocmiiuiiNG more extensively in Arri) Eruitive.s.- - 
Silicon, naturally most decidedly ; the alkali-metals, esjiecially potassium 
and lithium ; beryllium, somewhat; boron, cerium, yttrium ; tin, thorium, 
almost exclusively ; zirconium, tantalum, niobium ; fluorine, markedly ; 
wolfram and uranium decidedly ; molybdenum apparently. 

Element.s oeiuiRRiNc; more j.ixtensivkly in Ba.sic Eructives. 
---The alkaline earths, calcium decidedly, barium and strontium less so; 
magnesium strongly ; aluminium not very ilecidedly ; titanium decidedly ; 
phosphorus and vanadium decidcrlly ; sulphur markedly ; chlorine some- 

* Vniersuchu'ngen uber Erzgttiige^ I. 1882, JI. 1885 , and nnmerouH other troaiit'Cs. ^ 

^ Kolbfck, Jfihib. f B. u. 11. H'. Soch.'ietift, 1887. ^ Znt f. prakt. Oeol.^ 1808. 
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what; chromium decidedly ; iron, manganese, and more decidedly nickel 
and cobalt; the platinum metals. 

Taking the heavy metals by themselves, tin, wolfram, uranium, 
tantalum, niobium, and probably also molybdenum, occur more frequently 
in the acid '■ocks; while iron, manganese, nickel, cobalt, chromium, and 
platinum, occur more generally in basic rocks, the two last particularly in 
peridotite. Zinc, lead, arsenic, antimony, bismuth, copper, quicksilver, 
silver, and gold, have also been considered by several authors to occur 
more frequently with the basic rocks. It was thought that this conclusion 
might be drawn from the fact that many deposits of these metals are 
connected tnore or less directly with basic eruptives. Further investi¬ 
gation has however shown that they also occur ([uitc often with acid rocks 
and accordingly no decided preference for one or the other can on the 
present evidence, be stated to exist; or at least no r(‘gular rule formu¬ 
lating such a j)referencc can be drafted. 



NATURAL ASSOCIATIONS OF THK ELEMFNTS, 
WITH ESPECIAL REFERENCE TO THE METALS 

LlTERA'rURE 

Particularly VooT, Zcit f. prakt. CJcol., 1898. 

Most deposits are distinguished by the occurrence together of two or 
more closely-related elements in amounts more or less considerable. Such 
tiatural associations follow in most cases from the fact that these particular 
elements have many chemical properties in common and that therefore 
throughout the various reactions which have determined the different 
stages of concentraliion from the original occurrence to the resulting deposit, 
they have found their way together or have not been completely separated. 
Ji’iirther, other elements far removed from one another in relation to their 
chemical jirojierties may eventually be found associated because they make 
together those chemical compounds which Nature seeks to form in her 
methods of concentration ; thus tin and fluorine in tin fluoride, iron and 
titanium in ilmenite, gold and tellurium, and the diilcrent metals of the 
sulpho-salts. Against this however it is occasionally found that two 
elements closely related to one another become separated because of a 
pro]iert\' the possession of which is not common to both, W'itli the result 
t hat at one stage or another during the formation of the deposits a separa¬ 
tion of the tw'o was effected. With f.he garnierite and asbolane deposits 
for instance, nickel and cobalt have in this manner become so separated 
that the veins of garnierite occur almost free from cobalt, and the cobalt 
in the asbolane deposits is practically free from nickel. 

When tw'o closely related metals undergo the different processes 
culminating in the formation of ore-deposits, it is generally the case that 
one or the other becomes more strongly concentrated and the proportion 
between the two consequently changes, so that sometimes the amount of 
one of the metals present will exceed the ratio which it bore to the other 
in the original rock or magma. When however the proportion between two 
chemically closely-related metals remains practically the same in a number 
of deposits of quite different genesis, this proportion must approximately 
agree with that of the same metals in their original rock or magma. That 
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this theoretical conclusion is justified in fact is proved by the constancy, 
mentioned below, of tlie. relation of iron to inanffanese when these two 
metals occur to<;etlier. 

'The most typical natural associations of metals or elements are found 
where the iri'tals concerned are closely related to one another, as with 
nickel and cobalt; zinc and cadmium ; <;allium and indium ; iron and 
manganese ; co])[)er and silver ; lead and silver; silver and "old ; the 
different platinum metals ; the cerium and yttrium metals ; arsenic and 
antimony ; wolfram and arsenic; niobium and tantalum; tin and 
"crmanium ; calcium, strontium, and barium ; chlorine, bromine, and 
iodine ; sulphur and selenium, etc. Of these, nickel and cobalt belong to 
the same grou]) in the jieriodic system, and this is also the rase with 
zinc and cadmium ; copper, silver, and gold ; the. platinum metals ; the 
cerium metals ; arsenic, antimony, and bismuth ; wolfram and uranium ; 
niobium and tantalum ; tin and gernianinni ; calcium, strontium, and 
barium; chlorine, bromine, and iodine ; sulphur and selenium. Iron, 
atomic weight ')(i, and manganese, atomic weight .50, are also fairly close 
to one another in that system, but lead and silver are further apart. 

Although iron and manganese are not so closely related as for in.staiice 
nickel and cobalt, or zinc and cadmium, they nevertheless invariably 
accompany one another in ore-dejiosits, though their i|uantitative relation 
varies. 'The magmatic deposits of titaniferoiis-iroii in basic erujitivc rocks 
contain on an average 150 times as much iron as manganese, while the 
apatite-iron deposits formed equally by magmatic dilTerentiation though 
in acid igneous rocks, carry from 500 to 1000 times as much iron as 
mangane.se. From this, on theoretical grounds, it is justiliable to draw' the 
conclusion that in such magmatic de[iosit3 the iron of the original magma 
is generally more strongly concentrated than the iiiangane.se. 

The contact iron deposits, such as those at Elba, in the Ranat, and at 
(Ihristiania. are di.stinguished by a low manganese contimt and the same i.s 
also the case with the pyrite dejiosits, such as those at Rio 'Tinto, Riiros, 
Fahlun, e.tc. With both these classes of deposit the proportion of iron to 
manganese generally varies between 500 and 1000 : 1. Among the Ecandi- 
navian deposits which are apparently bedded in the old crystalline, schists, 
the lean ores of Striberg and Norberg, consisting of quartz and speciilarite, 
carry on an average about 400 times more iron than nianganese. With the 
ferruginous mica-schists of Norway, w'hich were |)robably formed by hydro¬ 
thermal processes, the pro])ortion is 2.50 : 1, while with ordinary magnetite 
ores it is between 20 and 100 : I. Among the Palaeozoic haimatite, limonite, 
and siderite dejiosits, wdiich in general have, been formed by hydrothermal 
processes that is either by sedimentation, metasomatis, or precipitation 
in lodes, the hinmatite, as far as the lodes are concerned, is distinguished 
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by having a lower manganese content tlian the other two. For instance 
with the ore of Cuinberlaiid and Lancashire the relation of iron to mangan¬ 
ese is as .OOO : 1 ; it may indeed be said that in greater part it coiRains 
but traces of manganese. Limotiite on tlu; other hand pos.sesses a 
manganese content which though variable is usually high, and sometimes 
so high that all gradations between inangauiferous iron and ferruginous 
manganese, are represented. Siderite has usually a high maugaue.se 
content, the relation of the iron to manganese varying from 100 : I to lo : 1, 
though sometimes the proportion of manganese is still higher. The 
following examples are representative : 

Sulonto from Stoiormark . . Mn ; 1 

.Si(l(‘nto from Sic^(‘rlan<l . loOMii : I Fc 

Sidunte from Jlu.^token, Hunj^ary . 20 5 Mn : I Fo 

Miuette has always leas than 1 per cent of mauga.nese. Hog iron ore 
and lake ore ju'e.seut all gradations from iron ore [)oor in inaugane.se to 
ina,ngane.se ore poor in iron.' Tlieniangane.se irim ores from Oberimsbach 
in Hesse and Ijiudenerinark near tliessen contain the two metals in fairly 
eipial proportions, that is as 1 : 1. 

Between dejio.sits of iron and those of manganese there is therefore no 
sharp line, of division ; they jia.ss through all gradations from one to tin' 
other, .some deposits containing eipial amounts of both metals. It follows 
that not only niav the ores at one I'lid be sjioken of as iron ores and those 
at. the other as maiiganese ores, but between the two a third class, that 
of the irou-uiangaiiese ore.s, must be conceded. The intimate a.ssociation 
of the two elements is baseil upon the many chemical properties which they 
po.sse.ss in common, there, are indeed but few hydrochemical reactions by 
which iron and manganese may be separated from one another, a 
subject further di.sciissed in the cha|)ter dealing with the genesis of 
bedded iron ore.s. 

'I'he world's |)roducti(>n of iron ore in 1900 amounted roughly to 
I•2.1,000,001) tons, to which total all classes of de]iosits, sedimeiitarv, meta- 


somatic, jirecijiitated, and magmatic, contributed, 
of the outjiuts of iron and manganese ores 

From the united total 

Sovoral million Ions proscnlud Ihu ivlalion 

Fe to 1 .Mn 


7.‘)0-5<l0 „ 1 ., 


.■>01) g.'ill ,. 1 ., 

20 million ton.->, nt luasl. pivstiitod tlio i<‘lation 

2.70 100 „ 1 .. 

50 million tons, |h‘i1uv])s, picscntud thu irlation 

100- .70 „ 1 .. 

Suvenil million t,ons pruscntuil the reliition 

aO- 2.7 „ 1 „ 

2.7- 10 ., 1 „ 

,, ,, ,, 

10 1 „ 1 „ 

Fimilly, perhaps, one million tons presented the rt'lation 

1- .70 „ 1 

* V'o”t. Zed f. prah't. Oeol., 1900. 
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From this statement it is seen that the bulk of the ores contain 100 
or a little less than 100 of iron to I of manganese, a relation which agrees 
very well with that in the earth’s crust, this as determined from 
many bulk samples being a})proximatcly 50-75 to 1. 

Theworld’s production of manganese ore,until the last fewyears during 
which the amount from India has become so important a factor, depended 
a good deal upon the [»rodu('tio)i from Tschiatura in the southern (Jaucasus, 
from which in normal yi'ars about U million tons were obtained. When 
however these; de])osits in conserpience of disturbance or difli(;ulty of com¬ 
munication did not deliver their usual (piantity, very little manganese 
ore appeared on the market. 

As mentioned on )). 153, the nickel-})yrrhotite dej)osits in gabbro 
contain nickel and <;obalt a])proximately in the projiortion of from 10 to 20 
of nickel to 1 of cobalt. A similar proportion is obtained by tin- examina¬ 
tion of meteorites and also by taking the avei'age of a large number of 
rock analyses. A result substantially difl'erent however is ju'esented 
by the sulphide and arsenide nickel and cobalt ores when these are found 
together in lodes, as at Bieber, Riecheksdorf, Kchweina, Schneeberg, Dob- 
schau, Siegiu'laiul, and in Canada, In such cases all gradations are found 
between nickel ore poor in cobalt on the one hand and cobalt ore poor in 
nickel on the other. In general also in such occurrences the cobalt 
content is much higher than with magmatic lode.s, from which it would 
a})pcar justifiable to draw the conclusion that by those hydro-chemical 
j)rocesses which resulti’d in tin; formation of these lodes, cobalt became, 
mor(‘ strongly concentrated than nickel. A similarly greater concamti'ation 
of cobalt is also found with some bed-like deposits, such for instance as the 
so-called ‘ cobalt fahibands ’ at Modum in Norway, which carry about 
13 times as much cobalt as nickel, and the so-called ‘garnet ores’ of 
Querbach and (liehren in Rilesia, the working of which Frederick the (Ireat 
in his time endeavoured to resuscitate. 

The only exam])lc of the almost com])l(!te .separation of the two elements 
is presented by the garnierite and asbolane ocoiirrences of New Cah'donia 
and Frankenstein, where, within decomposing serjientinc, garnierite practi¬ 
cally free from cobalt appears in veins, while in .separate though neighbour¬ 
ing depo.sits asbolane practically free from nickel has been deposited. 
The jrrobable cause of this separation is discus.sed lat(;r under the 
description of the garnierite de|)osits. 

Zinc and cadmium, with gallium and indium, also generally occur as¬ 
sociated. Though with s|)halerite, the, most common zinc ore, the cadmium 
content may exceirtionally rise to 3 per cent, it is not usual to find the pro¬ 
portion higher than l(,'d to OOZn, and it is generally only about 1 : 000, or 
rtrughlyOd per cent of the ore. In sraithsonite and hemimorphite, probably 
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because cadmium as a rule passes less readily into aqueous solution than 
zinc, the cadmium content apjjears to be very low. At the deeom])osition 
of the cadmium-bearing sphalerite of Luderioh, the sulphide of zinc goes 
readily into solution, while that of cadmium remains as a green 
covering of the, mineral grccnockitc over the deconqjosed sphalerite. The 
amount of (sadmiuin found in rocks, in harmony with that found in zinc 
ores, generally falls far shoi;t of one-hundredth that of the zinc. (Ialli\un 
and indium, which in the periodic system are closely relati'd to zinc 
and cadmium respectively, are also found in s])halerite, though only in 
small amount. An occurrence at Freiberg of that ore, com])aratively 
rich in indium, shows a relation of this metal to zinc as 1 : 1000, while two 
other occurreiK'es rich in gallium, one from Lnderich and the other from 
I’icrrelitte in the I’yrenecs, presented the ])roportion 1 gallium : 30,001) 
zinc. 

Uopjjcr and .silver, even as lead and silver, have many chemical 
properties in common, and are conse([uentlv gcnt'rally found associated 
in natnnn Among the world's deposits of copper tho.se which are 
remarkable for their low silver content, not only relatively but absolutely, 
are those cl Lake Superior where native. co|)per occurs in melaphvn^. This 
co])])er is practically free from silver although occasionally and us a miner- 
alogic.al curiositv crystals of native silver are found occupying the vesicular 
cUiVities in the melaphvre. The pyrites depo,sits also are remarkable for the 
very sma,ll amount of silver they contain ; with those of southern S[)ain 
containing from 2-.o to 4 ])er cent of co])per it is usual to liml from 2o to 
3.0 grin, of silver per ton, representing a relation of 1(100 1200 of Cu to 1 of 
Ag. With the pyrite e.xported from Norwav the pro])ortion is about the 
same, wdule the smelting ore from Koros, Snlitjelma, etc., produces refined 
copper with an average of from (t-OI to O-Oo jier cent of silver, or 2000 2500 
of cop])er to 1 of silver. A similar though somewhat higher silver content 
is also found in the pyrite of Ua,nuuel.sberg, Fahlun, Atvidaberg, etc. 

At liutte, Montana, the most important copper district \et known, 
the co]»per lodes, e.veluiling the contents ol the silver lodes proper, contain 
on an average 100 of copper to 1 of silver. In Cornwi.ll, Chili, etc., the 
coppm- is generallv accompanied by some silver, usualh' from O-Ol to 0-1 
per cent.. The cop])er produced from the Kiijifcrsch/rfcr of Alansfeld 
contains a luaterially higher proportion of silver, the usual content being 
from 0-.55 to O-GO per cent, or 175 of copper to 1 of silver. The other 
occurrences of co[>|ier shale in (lermany, such for instance as those in 
the Thiiringer Wald and at Hiecludsdorf, show however that this high 
silver content is not characteristic of such deposits, the former carrying 
practically no silver while the latter carries but 40 grm. ])er ton. Further 
evidence showing that in general all copper deposits contaiir some silver has 
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become disclosed by the more modern processes of copper refining, 
especially that of electrolysis. 

Putting together all the figures e.xpressive of the relation of the amounts 
of copper and silver to one another there are but few deposits where the 
silver is less than .hOOl): I ; jierhaps one-quarter of the world’s output 
of copper comes from dejiosits having the relation 5001) 2500 of Cn to 
1 of Ag; another quarter 2500-1000 : I ; a fhird 1000-500 : 1 ; several 
important diqiosits 500-250 : 1 ; while finally there arc a few deposits 
where the relation is 250 100 of copper to 1 of silver. With still higher 
amounts of silver present, copper ores pass step by steji to silver ores, 
though with these in most cases the actual amount of copper present 
is several times that of the silver. Deposits such as those of Kongsberg 
and 8t. Andreasberg when' the silver occurs with practically no copper, 
are infre<iupiit. All those occurrences where the silver jiroportion is 
e.vtremely low, such as those of Lake Superior, have originated by 
chemical-geological proce.sses, which in their action concentrate copper to 
a greater e.xtent than they do silver. 

The reason that lead and silver so fre(|uently occur together lii's in 
their similar behaviour in many chemical reactions. It is seldom that 
a deposit of lead ore occurs in which the relation of the silver to lead is less 
than 1 ; 10,000, eipiivalent to 0-01 per cent in ordinary lead. .Most deposits 
contain 1 : 5000, but often the amount of silver is still higher. Throughout 
the Freiberg district for instance it is about 1 ; 150 ; in the silver lodes of 
St. Andreasberg it is again much higher; while at Kongsberg the amount 
of silver is actuallv more than that of the lead. In general therefore it may 
be said of the relation of the amounts of lead and silver that, as was also 
the case with copper and silver, the lead ores gradually pass over and 
become ore.s of silver. 

Silver and gold are almost invariably found together in the .same 
deposit, though the relation of their amounts varies extremely. Among 
the gold-silvcr-lead and silver-lead deposits the following classes are 
gencrallv distinguished ; the old silver-lead lodes ; the old gold-quartz 
lodes ; and the young gold-silver lodes. With the first, that is the oirl 
silver-lead lodes such as those at Kongsberg, Freiberg, anil (,'lausthal, the 
amount of gold contained is very small though the relation between gold 
and silver is not usually lower than 1 : I0,00f). This relation may iti fact 
be taken as an average for the whole Kongsberg distiict, in which how¬ 
ever some lodes have as low a relation as 1 : 20,(100. h’or the Freiberg 
district it may be reckmied to be from 1 ; .5000 to 1 : 10,000 ; for the Harz, 
I’rzibram, and the Rhineland, it may again be put somewhat higher. In 
particular cases, as at 8vcnningdal in northern Norway, these old silver 
lodes may contain so high a relation as 1 of gold to .500 of silver. 
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With the old gold-«iuartz lodes the amount of gold present is usually 
more than that of the silver, and the relation may even be as high as 1(1 of 
gold : 1 of silver. With the young gold-silver lodes on the other hand this 
ndation is reversed and the amount of silver is almost always substaTitially 
the greater. For instance at Sicbenburgen all gradations are found from 
1 : I to 1 ; 10 of gold to silver ; at Schemnitz and Nagybanya the relation 
is much more variable, ranging from 1 : 1 to 1 : 150, gold to silver. 

At the Comstock Lode it is 1 of gold to 21 of silver, while at Cripple 

Creek, excejdionally, it is 10 of gold to 1 of silver. 

These two noble metals are not only found together in their own 

|)articular deposits, but also in others of varied origin, and especially 

in cojjper deposits. The rea.son of this probably lies in the fact that 
copper, gold, and silver, belonging to the same grou|) in the ])eriodic 
system, e.xhibit certain similarities in their cliemical rtdations. The pyrite 
deposits have generally a small percentage of copper, a small silver content, 
and a still smaller but nevcitheless always present amount of gold. When 
consideringthe occurrence of silver,it was seen that the pyrite from southern 
Spain cont.ains from 25 to 35 grm.of this metal ])er ton; the amount of gold 
is otily from one-twenty-fifth to one-hundredth of that amount. Similar 
projiortions occur with the Norwegian pyrite occurrences. Eessenier 
c,oi)])er from Sulitjelma contains O-dllS jier cent of silver and O-OOOl per 
cent of gold, which is roughly eipiivalent to a relation of KtO of silver 
t.o 1 of gold. The deposits at Roros and at Merakor show' similar pro¬ 
portions. At Fahlun the amount of gold is considerably higher, the 
ordinary co])per ore there, containing 2-81 ])er cent of copper, 18-1 grm. 
of silver, and 3-3 grm. of gold per ton, or approximately live times as 
much silver as gold, while, in addition selenium is also found. With the 
copper lodes in granite at Butte, Montana, the relation is 125 200 of 
silver to I of gold, a relation which is approximated by several other 
similar occurrences. The, small noble-metal content with the. nickel- 
[lyrrhotite deposits in gabbro is esjiccially iutoresting ; in (.'anadian ores 
this substantially consists of gold and silver in the proportion of 1 Au : 
25 50 Ag. 

Even with those dejiosits in which it is evident that the silver has 
been considerably enriched it is not often that the amount of gold falls 
low’er than 1 : 10,000, while it is sometimes as high us 1 : 1000. 'I'he 
proportion of gold in the original rock would nalurally have been 
higher. 

The metals of the platinum grou]) nearly always occur together 
in nature. Native platinum is therefore accompanied in many of its 
deposits by iridium and osmium ; more rarely by palladium and the other 
members of the group. It has already been stated on p. 155, that platinum 
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oocurs to some extent in the nickel-pyrrhotite deposits ; in this occurrence 
also it is accompanied by the other metals of its jiroup. Among these it 
is not only the platinum which possesses economic importance but, since 
the discov’erv of the osmium lamp, osmium also. 

Platinum and its associates ap})ear as segregations in eruptive rocks 
and, as mentioned above, also as constituents of the nickel-[)yrrhotite. segre¬ 
gations which have similarly separated from eru]>tive magmas. Beyond 
this however they are practically absent from all those deposits which 
have been fornu'd by preci)»itation from solution, that is to say, from 
the lodes of the other metals, though exc(!ptionally the occurreime of ti'aces 
of platinum in some gold-, silver-, and copper lodes has been observed. 
This absence may be ascribed to the e.xtreme. chemical inertness of 
platinum, which metal with most reagents is much more dillicidt of 
solution than gold. That is however not to say that the average 
platinum cont(‘nt of the crust must be less than that of gold. 

Arsenic, and aniimony accomi)any one another very often though they 
may be .separated by many specilic reactions, in which fact the jiossibility 
is presented that in many deposits they ni<ay occur sepajated. Bismuth 
belongs to the same periodic group though in its chemical pro])erlies it 
differs materially in some ])oints from the two elements just mentioned. 
The mo.st important point of dillereneo is that under ordinary conditions 
it forms no soluble sulpho-salt with the alkaline sulphides, tins being 
probablv the reason that it does not occur so often in lodes with arsenic 
and antimony as might have been expected. 

Wolfram and uranium acconi])any one another in many deposits 
closely associated with granite imagmas, an observation which applies also 
to luobium and tantalum. The relation between tin ami germanium is 
discus,scd later when de.scribing tlio silver-tin lodes of Bolivia. Mention 
of the ccruim and yttrium metals has already been imade on p. 102. 

Of the three elements belonging to the sulphur group—sulphur, 
atomic weight Ti; .selenium, 7b; and tellurium, 127 selenium is 
more closely allied with sulphur than with tellnriuin. In conse()uencc 
tellurium is more often found to occur alone and to he characteristic of 
certain j)articular oc.currencia, whereas selenium almost always accom¬ 
panies sul))hur even though its amount may be minute. 'I’hcrc is evidence 
of this in the fact already stated that .selenium is almost always fo\md in 
the load-chambers of sulphuric acid W()rks. Selenium dojiosits are there¬ 
fore identical with those of sulphur, these being : («) native sulphur in 
volcanic districts ; (h) sulphide lodes as at Lehrbach, Zorge, and Tilkerode 
in the Harz, etc.; (c) co]>per shales; (d) pyrite deposits as at Fahlun, 
Bio Tinto, Hammclsberg, etc. In most of thefic deposits the relation 
between the amounts of sulphur and selenium is from 10,0(10 to 100,000;!. 
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Although tellurium tends to occur in separate deposits and apart from 
the other two elements, it is nevertheless often found with selenium 
in the telluride lodes of the young gold-silver group. Ohemical analysis 
has shown that tellurium may in such cases b<! replaced to the extent 
of 1-5 |)er cent of its amount by selenium.^ Investigation of the gold- 
silver (b'.posits of Sumatra ha.s shown that selenium may also occur in 
deposits specially charactcrizcid by its presence. The nature of its associa¬ 
tion .in such cases has not yet been satisfactorily determined, since^ the 
fineness and comjileteiuvss with which it is distributed within the (jnartz 
of those lodes has made it hitherto imjMi.ssible to obtain any clear idea of 
the occurrence. It is however certain that no tellurium is iiresiuit and it 
is presumed therefore that the gold occurs e.xclu.sively in combination 
with selenium. 

Besides the association of closely related elements in deposits of 
very dilb'rent genesis, another regiihir association of chemically estranged 
elements is found in some occurrences. Titanium and iron for instance 
occur together in titaniferous-iron segregations in eruptive rocks. While 
it was formeilv accepted that the occurrence of titanium in iron ore was 
limited to such scgi'egations, more recent investigation has shown t hat this 
.statenKuil oidy applies to titanium in large amount. Smaller amounts 
may occur in iron ore which has been formed exclusively by thermo-chemical 
ju'oeesses. .lust as titanium is an alnio.st constant associate of ban.xite 
formed by inetasoniatis from limestone, so also do the metasoinatic 
iron ores and precipitated beds of iron oiO contain a small amount 
of titanium. The association of iron and titanimri deserves attention, 
because when tbe latter exceeds a certain percentage, smelting becomes 
more and more dillicult with increase in tlie amount of titanium present. 
Ores containing uj) to '2 per cent of TiO, are without cjuestion accepted 
by smelting works, but from 2 to 4 per cent, penalty deductions are made. 
Vanadium and iron are not only found together in magmatic deposits of 
titaniferous-iron ore but also in many deposits of iron which have been 
formed by hydro-chemical processes. 'I’lio explanation of tliis is probably 
that vanadium oxide like iron o.xide is ju'ccipitated by alkali from an aqueous 
solution. Vanadium and titanium occur together in the titaniferous-iroir 
deposits of magmatic origin on the one hand and in the rutile of tlie pneu- 
matolytic apatite lodes on the other. 

The association of tin and copper in certain tin-copper deposits is an 
interesting occurrence. Such deposits are found both in Cornwall as well 
as in the celebi’ated tin deposits of the llei'bertoii district, Australia, where 
one known as the Lancelot has latterly excited considerable interest. It 
is possible in the case of .such deposits to demonstrate that the tin lodes arc 

* Krusch, 7jdt f. praH. Oeol. 
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actually separate from those carryiuf; the copper. In others again where 
there are changes in the country-rock sucli as might liave influenced the 
depo.sition, tlie two lodes may occupy diflerent stretches of the same 
fissure. In addition to the two metals named, a good many others such 
as bisimith for instance may also occur, rendering the subsequent dressing 
of the ore much more diflicult. 

The association of tin and silver is especially pronounced in the tin 
deposits of Rolivia, first more comprehensively described by Stelzner. 
Although in this occurrence tin and silver often occur together they never¬ 
theless, as the recent investigation of Steinmann has shown, also occur 
apart and in separate deposits. In the Freiberg district and in that of 
the argentiferous leail-zino deposits of Argeleze-tJazost the association of 
tin and silver in the same deposit is illustrated by the occurrence, close to 
the surface, of crystals of cassiterite with argentiferous galena. 

Zinc and lead form minerals which, times beyond number and in 
deposits widely different in genesis, are found together. This a,ssociation is 
metallurgically deserving of great attention since it has not yet been found 
))n.ssiblc to successfully recover small jiercentages of zinc at the same time 
us lead. When making a valuation of such a depo.sit, the iutergrowth 
of the two must therefore be closely studied in order to be able to judge of 
the possibility of sejiarating the two minerals by the various operations 
of dressing. 

Copper, nickel, and cobalt arc found togethei' in the nickel-[lyrrhotite 
deposits and in many lodes and jiyrite dejiosits. Copjier and manganese 
are known occurring together in great c|uantity in the oxidation zone of 
the important copper deposits of Arizona, and in gold Imles at Holeo in 
Lower California. Neither silver and manganese nor gold and manganese 
are associated to the same extent; the two fornu'r however are found 
together in the silver lodes of Butte, Montana; the two latter at 
Vere.sp<itnk and Nagyag in iSicbenbiirgen. 

'The association of (’obalt and manganese deserves more attention. 
A substantial portion of the cobalt ore coming from New Caledonia 
is marketed in the form of asbolane, an oxidizcrl mixture of manganese-, 
iron-, and cobalt minerals. The occurrence of these two metals, cobalt and 
manganese, together may piuliajis be explained by the fact that both 
are precipitated from a neutral solution by oxidation. Manganese is also 
occasionally a substantial constituent of smaltite, the ore. in this case 
being known as manganiferous cobalt ore, in distinction to that which i.s 
free from manganese and which being amenable to more simple processe.s 
of extraction may be treated considerably more cheaply. 

Barium and manganese are found together in many ileposits. In 
the manganese lodes at llmenau on the north border of the Thiiringer 
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Wald, and at Ilfeld on the south side of the Harz, it is the rule for barium 
also to occur. With the metasomatic iron-manganosc deposits the orij’inal 
barium content of the limestone is sometimes found concentrated in 
crystals of barite intimately interwoven with the iron and manganese. 

Silver, bismuth, and cobalt make a characteristic combination of 
metals in the lodes at Schnccbcrg. 'I'lie recently discovered smaltitc 
lodes in the Coleman di.strict of Canada carry ma.s,scs of silver so large 
that the silver content may reach as mu(;h as 25 per cent of the ore. Tire 
nature of this occtirrencc is however such as to suggest that it is an enriched 
silver zone near the surface. The association of silver and cobalt has this 
significance, that no ])rocess is as yet known by which, both metals may be 
recovered together without considerable loss of the silver. 

Cold and tellnrium occur together in the. so-called telluride lodes of 
the young gold-silver group, in which the tellurium content may sometimes 
b(^ considerable. It is characteristic of such occurrences that only a portion 
of the gold appeans to be combined with the tellurium ; the other portion, 
which is occasionally the larger, being associated with pyrite. 

Quicksilver and sdver or rpiicksilver and gold comparatively seldom 
(XH'ur together in such pro|)ortion that the ore is }irimarily a quicksilver 
ore. Quicksilver in consei|uence of its physical properties occupies a 
uniipic jiosition and this is also the case with its ores. On the otluu' 
hand its occurrence in small amounts in silver-gold lodes is quite frequent, 
especially with the telluride lodes. Tlu're can be no doubt that in these 
cases the mineral solutions from which these deposits were formed con¬ 
tained mercury, gold, and silver, at the same time, and that de,|iosition 
resultc'd from processes capable of bringing about the, precipitation of all 
those metals. 

('hromium occupies a similarly isolated position which, seeing that 
the mineral is so widely distributed, is somewhat striking. It is found 
jirineipally in the chromite magmatic deposits, though it also occurs to a 
very small extent in titaniferous-iron ore. In almosf. all other deposits it 
is entirely wanting. 

Tin also occupies an exceptional position in relation +o the ore de|)osits, 
in that, although many other metals may occur in tin lodes, tin itself is 
comparatively rare in deposits of other metals. It h.is been found in 
isolated cases in the uppermost portion of lodes which carried mainly lead-, 
silver-, and zinc ores bidow; occurrences of this sort having been noticed at 
Freiberg and on the north slojie of the I’yrences. 

In some deposits a single metal occurs more or less by itself, an occur¬ 
rence such as must have resulted from jiarticular processes capable of 
effecting the precipitation of only one metal or of others only to a small 
extent. To such as these belong the deposit of silver ore at Kongsberg fn 
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which the chief minerals are native silver and argentltc ; the quicksilver 
deposits as at Alniadcn, where practically only cinnabar occurs ; the copper 
deposits at Lake Superior wliich in the primary uone contain the copper 
almost entirely as metal; and the lodes of garnicrite in decomposed 
ser2)entinn ar New Caledonia, and at Erankenstein in Silesia. 

From this description of the natural associations of the different 
metals it may be said that three groups of deposits may be differentiated : 
the first, and by far the largest, that in which the metals present arc 
closely I'elatcd to one another ; the second, considerably smaller, in which 
the metals present, while ])Osscssing no close chemical relation, are dis¬ 
solved and precipitated by the same jirocesscs as those to which the 
deposit as a whole owi's its existence ; and a thirrl and smalhu- group 
wliich includes those occurrences where a single metal is found more or 
less isolated, either because it occupies a chemically isolated position or 
because th<‘ particular deposit has resulted from those processes which 
the particular metal because of properties which it [lossesscs in common 
with no other alone has survived. 
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Till! olucidiition of the processes whereby metals become coiu’ciitrateil 
to valuable ore-deposits, in other words the interpretation of their nenesis, 
forms the most dillieiilt but at the same time the most interestin'; part of 
the study of ore-deposits, 

In the ease of many depo.sits which in relation to their oeoloeieal 
position, form, and content, have been elo.sely inve.sti;;ated, no agreement 
has yet been reached eoncernine tfie features of the processes to which 
they owe their existence. For instance not many years aoo four dilTerent 
theories were advanced to account for the formation of the celebrated iron 
deposits a.t Gellivare, Kiirunavaara, and Svappavaara in Lajiland, namely, 
precipitation, nietasomatis, pneiimatolysis, and inaematie dilTerentiation. 
The dispute eoncerninn the origin of the jiyrite deposits, which were formerly 
placed in a ;;roup by themselves, has already continued for more than 
half a century without a settlement aeceiitable to all haviiiy^ been reached. 
The animateil discussion between Stel/mer and SandberMcr relative to the 
application of the ‘ lateral secretion ’ theory to the elucidation of the 
formation of the lodes in the Harz, the. Krz<;ebirse, and at I’l-zibrain is 
still fresh in t.he memory. On the other hand it must be said that present 
knowledge is such an advance upon, that previously available that with 
many deposits it has been jiossible to follow step by step all the stages of 
concentration from the attenuated distribution within the original rock 
to the finished ore,-de()Osit; and with others to recognize the greater portion 
at least of tlu* processes which resulted in their formation. 

The consolidation of the jireviously existing molten magma to form 
the first solid crust must bo regarded as the point from which the metals 
commenced to separate, or ut least as one of the most important of the 
earliest stages in that separation. Investigation has shown that the 
specific gravity of this crust is from ’i-T to ’i-S, wlule that of he 
earth as a wiiole is b-G. A difference so largo as this between the 
average specific gravity of the known rocks and that of the whole^ earth 
may only be explained by the assumption that the heavier materials, 
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in consequence of a magmatic differentiation, concentrated themselves 
in the earth’s interior, leaving in the solid crust but a small amount 
available for subsequent concentration into ore-deposits. It follows that 
this first magmatic differentiation, in so far as the solid crust is concerned, 
did not advance the concentration of the metals, but on the contrary with¬ 
drew them. 

With further differentiation however within the mass of the silicate 
magma some metals segregated themselves more particularly in the basic 
rocks, others in the acid, while a lai'ge number varied their association 
with one class of rock or with tlic other, according to circumstance. Con¬ 
sidering oidy those elements which are of substantial importance towards 
the understanding of the genesis of ore-dejiosits, iron, mangaiuise, nickel, 
cobalt, chromium, the platinum metals, titanium, phosphorus, sul])hur, 
and chloi'ino may be regarded as basic elements ; uranium, tantalum, 
niobium, wolfram, zinc, thorium, boron, fluorine, and silicon may (Hpudly 
be regarded as acidic; while the other important metals, gold, silver, 
copper, and lead, cannot as yet be said to have established any i)r('i’erence 
for one class of rock or the other, it is natural thendorc; that some of 
the useful deposits show the .same tendency as tlnur dominant metals to 
occur m connection with acid rocks ; that others show the same pre¬ 
ference for basic rocks ; whih' others again show no tiecid(‘d profereiuie. 

Useful deposits arc not formed by all the processes of mineral formation 
which have already been enumerated. Of these onl} the following enter 
the question of the genesis of ore-deposits : 

1. Crystallization from the molten condition. 

2. I’ncumatolysis, 

C'ontaet-metamorphism. 

't. Meta.somatis. 

o. Precipitation from solution : 

{(i) in lodes, etc. 

(h) in beds on the surface, sedimentation. 

0. .Mechanical concentration. 

1. Formation ok Ork-Dkcosits ry Crystaluzatlon from 
Molten Matter 

Within the material of a natural complex of rocks which have con¬ 
solidated from the molten condition, the metallic elements present are by 
no means uniformly distributial, but generally show a jirefercnce for certain 
basic or certain acid members. Pyrrhotite for instance is found chiefly 
in* norites and but little in other basic rocks. This preference fora particular 
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basic or acidic rock constitutes the second stage in tlie formation of ore- 
deposits. 

If the distribution of any ])aitricular metal in these 
rocks be investigated it is found that while, it may occur 
as an accessory constituent throughout, only in specially 
suitablf! ])laces is it found as an enrichment pronounced 
enough to be an objective in mining. Nevertheless 
magnetite, ilmimite, chromite, ])yrrholite, pyrite, and 
chalco|»yritc, particularly, are found concentrated in 
this manner. The average chromitim content of the 
entire crust is given by Vogt as 0-01 ])er cent (V. Thi.s 
by magmatic differentiation becomes (amcentrated to 
(l-'i per cent in peridotite, and finally to 10 (10 per 
cent t'r,0,^ in the magmatic dejwsits of chromite 
illustrated in Fig. 111. Such de])osits are termed 
magmatic segregations. According to their composi¬ 
tion oxide, sulphidi', and metallic magmatic si'gre- 

gations may be differentiated. With rofere.nce to the 
imjiortance of depo.sits arising from magmatic dilferenti- 
ation, it is to be remarked that chromite is cxclusivelv 
found in de.jiosits formed in this manner, though in no 
ease do these reach any sine. Similarly the known 
titaniferous-iron depo.sits, illustrated in Figs. 1, 2, 
lo, and 113, are exclusively of magmatic origin. The 
other iron- or apatite-iron deposits occurring in eruptive 
rocks, such as those at Knnmavaara, at (lellivare, and 
in the Eofoten Islands, are also according to recent 
investigation rightly to be regarded as the products 
of magmatic differentiation. Although generally the 
deposits of this group ari' small there arc some 
a,mong them which arc immense, as for imstance those 
at Kiirunavaara and Routivare. Other deposits of 
exclusively eruptive origin are the nickel-jiyrrhotite 
occurrences, illustrated in Figs, 14 and 142, some of 
which are. of huge dimension. According to the recent 
investigations of Vogt and Rnigger, the Norwegian 

pyrite deposits at Koros, Sulitielma, etc., are to be re- 
l•Ul. 142.--MaBniatii- ■‘ . . , . ; . . . , 

.-iigwKatK.iis of iiirkol garded as intrusive de|K)sits of magmatic origin, wliile 

pjirliotitii at till- con- fJinjT t,o Weiiischeiik this in all probability will 
crystailiDP scliisi-,. nlso liold good for'tliat at iKHicnniajs iii Bavaria. 

Speaking generally it may be said that since the 
so-called basicity of a rock is to some extent dependent upon the amount 
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of heavy metallic oxides contained, the basic rocks must be regarded as 
being more favourable to the formation of such magmatic segregations than 
the acid : but that since, with these latter, streaks of more basic character 
arc found, it follows that under sjjecially favourable circumstances a 
considerable portion of the heavy-metal content of an acid eruptive 
magma may be found concentrated in an ore-deposit. 

The manner of formation by differentiation within a magma postu- 



Kk.. ] --T)i.s))Ositioji of iiKiifniatb- ''Pgn'c/atioiis in tin- lahr.nloulc <)| 


lates for these deposits a jiosition within eruptive^ rocks, or c,\c(!j)tionally 
in the immediate neighbourhood of such rocks. TIlIm disposition 
is illu.stratcd in Fig- 1 lii- these deposits has already been 

mentioned on p. Id. 

While in the formation of the de])osits of this group there be, .several 
stages though but one main process, with all otlier ore-occurrences several 
processes are operative ; that is, aftiw a more or less eifcctive concentration 
by magmatic differentiation the metal content becomes extracted either 
in solution or in gaseous form to be de|)osited afterwards and elsewhere 
as an ore-deposit. Tyjiical examples of such an origin are afforded by the 
tin lodes, the apatite lodes, the contact iron ores, the young gold-silver 
lodes, the Bolivian tin-silver lodes, and the occurrences of ijuicksilver. 
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2. I’liE Formation op Ore-Deposits by Pnettmatolysis 

Pucumatolysia is tho sum of tliose, mineral-forming phenomena in 
which, as described on pp. 152-135, gases and vapours play a jiart. 
One entire class of deposit, that of the tin lodes, owes its existence 
entirely to the action of these gases or vapours either between themselves 
or u])on the rocks with which they come in cnntac.t. Since, these lodes 
which are referable to the pneumatolytic effect of a granitic magma, 
are found in part in the granite itself, it follows that their formation began 
after the granite magma around its (leriphery had already consolidated. 
'J'he fact that tin lodes arc not found with every occurrence of granite 
shows that within the granite itself the tin is variously distributed, more 
here, less there. If the association of tin with granite be regarded as the 
first stage in the formation of the dejiosit, its comamtration together with 
fiuorine, etc., at ))artieular jilaces must be regarded as the, second. To all 
appearances, after solidification of the magma had jiroceeded long enough 
to form a crust, the tin, in vai)oroHS or ga.se()us condition, was exhaled 
from the magma still Huid in de])th and introduced into fissures rent in 
the solidified crust. From the fact that the minerals usually accompany¬ 
ing tin are charact(!rized by containing fluorine it is probable that in this 
process of formation that element ])layod a considerable jiart. As 
described on pp. 131, 13-5, concurrently with the deposition of the tin, 
the granite country-rock becomes greatly altered, tliis alteration being 
particuliirly characterized by the introduction of further silica together 
with tin and lithium, the whole result being the formation of greisen. 

I’he second stagi^ tlnn-efore in the formation of fin lodes is tin; e.x- 
tractiou of such elements as tin, wolfram, etc., from the acid magma, 
largely with the. Indp of iluorinc; while finally the third stage is the de¬ 
position of these elements and of ({uartz in the fissures and in the mass 
of the country-rock, d'ho conclusions which the miner may draw from this 
mode of formation are,: 

1. 'That as long us exploration work' continues in fresh granite showing 
no sign of greisen there is little immediate chance of striking tin lodes. 

2. That as the, formation of greisen consists chii'fly in an intense 
silicification of the granite, those, portions of that rock wliich carry tin will 
resist weathering and erosion, and accordingly will stand out prominently 
upon the surface. 

Seeing that the ajiatite lodes owe their formation to phenomena which 
in many way's are analogous to those responsible for tin, it appears proper 
to consider them here. In the district of Odegaarden in southern Norway 
such lodes occur in gabbro, which rock in its original condition according 
to Vogt contains 0-65 per cent of P.p.. In the subsequent concentration 
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of this material chlorine plays the part which in the case of tin is under¬ 
taken by fluorine, and the characteristic minerals of this occurrence 
therefore contain chlorine. The original hydrochloric acid content of the 
gabbro, amounting to about 1-1-1-5 per cent, is found concentrated in 
the two minerals .scapolite and apatite ; of these the latter is found con¬ 
centrated in the lodes while the former occurs principally as the 
characteristic alteration product of the, gabbro co\mtry-rock, (constituting 
the so-called scapolitization which is just as characteristic of these lodes 





Fi(i. 114.—fiiriiijitiou .“ilong nurrow vtMn of tin oip. ('orin\all. 



Fio. 145.' <4ranitc altercil to groiseii 
along iiuiieral m-iih. Toleiiiarki'ii, Norway. 


Kio. 14<j.— Inirgcr \cm ol tin oi<‘ .showing 
I'nistf'l structiiio am' tin- foimation orgnoscn. 


as the greisen is in the case of tin. The ajjatite concerned is the chlor- 
apatite which differs materially from the fluor-apatite of tine tin lodes. 

It may be accepted that in this case the hydrochlori" acid is the. ag<!nt 
which, in a manner analogous to the a(;tion of hydrolluoric acid in the 
case of tin, extracts from the gabbro the mineral constituents of th(i 
apatite lodes and carries them to the fissures where they are afterwards 
deposited. 'J'his procedure is described bv Vogt as ‘ acid magmatic 
extraction.’ According to analyses two-thirds of the, phosphorus originally 
distributed throughout the gabbro at Odegaarden has thus become con¬ 
centrated in the apatite hjdes. 
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3. Tmo Formation of Ouk-Drposits ry f'oNTACT-MKTAMOiuMiiSM 


The nature ot contact-iuetaniorpliism has already been described in 
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the chapter upon mineral forma¬ 
tion. In numerous eases it i.s 
u('(;om|ianied by an accretion of 
material from the eruptive mao- 
ma by whicli accretion deposits 
of such oxide ores as magnet¬ 
ite, specularite, or of such 
suljihide ores as pyrite with or 
without gold, galena, sphalerite, 
chalcopyritc, etc., have been 
formed. Deposits of this class 
are illustrated in Figs. 147-150. 

Contact - deposits ap[)ear 
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either immediately at the j)eriphery of an eruptive mass or very elos(! to 
it, in which latter case they are known as collateral contact-deposits. They 



Kill. ITiO, - j)()sitioii o|‘ tilt* poll till t iiiHi (Ifjiosits ot \Vj Nsokiiiii < !ora, wliicli, coiitiart 

to tin* UMial t‘\|)t‘nt-iioe witli such contact ou*, contain an abnormal!} liigh I'hosphorus tontent. 
'I’lic genesis ol llicse ilcposits is howevci dispuled. 


are not to be found within the eruptive itself but in its contact-zone; 
the rccognitioi\ of contact phenomena in the country - rock becomes 
therefore of great importance in tracing such occurrences. 

Contact-deposits, such as those illustrated in Figs. 117 150, are generally 
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associated with limestone which by contact action becomes in greater 
part altered to marble but also to a lesser extent to ore-deposits. With 
these occurrences the appearance of such contact minerals as garnet in the 
altered limestone and andalusite or chiastolite in the altered slate is 
characteristic. The contact action is generally more intense the nearer 
the eruptive rock is approached, while in the immediate neighbourhood 
of an ore-body it is often particularly intense, to a degree termed by 
Vogt ‘ contact super-mctamorj)hisin.’ * 

Contact iron ores are generally remarkable in that titanium is either 
entirely absent or present only to a very small extent, and the amount of 
manganese they contain is small. On the other hand they often con¬ 
tain considerable amounts of sulphur. With many of these deposits 
such as those of Elba, the Eanat, and Christiania, tin; })lio.sj)horus 
content is low, though the large occurrenc(!s in the Urals, which are 
for the present regarded as belonging to this gro\ip, contain more 
of this element. The fluorine and boron mitierals, fluoi'ite, tourmaline, 
axinite, etc., characteristic of the occurrences of cas.siterite, are entirely 
wanting in most of these contact-deposits, or when this is not entirely 
the case the amount present is nevertheless very small. 

It is a striking fact that it is the acid intrusives particularly, and 
especially granite, which cxerci.se lliis contact action resulting in the 
formation of iron ore. 'J'his naturally also holds good for such acid 
magmas as arc; at the same time coni'ected with the deposition of tiji. In 
such cases it is usual to find both classes of deposit, tin and iron, sharply 
distinct and separate, though occasionally gradations from one to the 
other are found, as for instance at Schwarzenberg in the Erzgebirge, where 
contact iron ore predominates and tin ore is subordinate. Such gradations 
also occur at Pitkaranta in Finland. 

Largo oecuiTcnces of oxide ores belonging to this group are only 
known in (he case of iron. Among sulphide occurrences that of Broken 
Hill, one of the largest lead-zinc-silver ore-bodies in the world, may be 
mentioned though its genesis is disputed. The stages in the formation of 
ore-deposits by oontact-metamorphism may be stated to be : 

(1) The concentration of heavy metal in particular sections of the 
solidifying rock, by magmatic diflereutiation. 

(2) The extraction of this metal by solutions exuding from the magma 
and its transference to the contact-zone. 

(3) The deposition of ore within that zone, chiefly by metasomatis, 
which in such case is spoken of as contact-metasomatis. 

* ‘ PoUnzierlt Kontaktnidamorjihvjfe.' 
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4. The Formation op Ore-Deposits by Metasomatts 

As mentioned in the jireeedinf; parii';ra[)li the deposition of ore in 
contact-metamorphic deposits takes place in gniat part by nietasomatis. 
In addition there exists a whole series of deposits where the deposition, 
thoufjh likewise resultin" from motasoniatis, has not taken place witliin 
any canitact-zone nor does the deposit stand in any perceivable relation 
to eruptive phenomena. Such deposits as these constitute the metasornatic 
deposits in the narrower sense of the term. 

The phenomena of nietasomatis, described in the chajiter on mineral 
formation, have produced their j'reatest effect in the formation of iron 
or iron-nianeane.se ores, illustrated in Figs. bO and l.bl, and lead-zinc ores, 
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illustrated in Figs. 58, GO, 152, 151, wliile co|)])er and pyrite dejiosits 
have only resulted to a lesser extent. 'I'he mo.st. inpiortant zinc depo.sits 
of the world belong to this groii]), and uinong the metasornatic iron 
deposits some are of great importance, as tor instance those of Bilbao in 
Sliain and Erzberg in Steiermark. 

With these nu'tasomatic dejiosits only the last stage of their formation 
is known, tliat is the alteration of the hmesl.one or the original rock, what¬ 
ever it might have been, by mineral solntions. The source of these solutions 
however is not known. The nature of the formation of these deposits 
]K)Btulates that they are usually in close genetic relation with tectonic 
lissures and lodes. 
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5. The Formation of Ore-Ueposits by Crystallization or 
Precipitation from Solution 

With imnicrous lodes there is mucli to suggest that the ascending 
solutions from which they became filled were in connection, far or near, 
with molten magma, that in fact these solutions were consoijueiit upon 
the intrusion of an eruptive mass and represented one of the last stages of 
the erufitive phenomena. 

Careful observations in this connection are available, among others, in 
regard to the (piicksilver deposits and to the young gokl-silver lodes. 
Many of the former stand in close genetic relation to Tertiary or even to 
Quaternary eruptive masses and to the solfataras which accompany them. 
At Sulphur Bank in ('alifornia and at Steamboat Springs in Nevada mineral 
formation is still proceeding, and the chemical and physical conditions 
under which the dcjiosition of ore is occurring at those place.s may b(! 
studied almost as though the investigation were being undertaken in the 
laboratory. 

The researches of Christv, be Conte and Rising, Posejmv, Becker, 
and Melville, show that at the above-mentioned places cinnabar is being 
precipitated from heated waters wherein it is held in solution bv an 
e.xcess of sodium sulphide, Na„S. From such a solution pr(!cipitatiou may 
take place by dilution, by o.xidation, by escape of ll.S resulting from the 
decomposition of Na.S, by ammonia at a low temjierature, or linally by 
the reducing action of carburetted hydrogen. It is more than likely that 
many of the other occurrences of cinnabar have, resulted from one or 
other of these reactions. While however so many points are available 
to ex|)lain the precipitation of the cinnabar, none ari; forthcoming with 
regard to its source nor to the chemical proce.sses by means of which at 
the place of its origin it was brought into solution. Becker suggests that 
the hot springs in California, during their passage through the granite 
there, have taken up a small amount of quicksilver, but this interpreta¬ 
tion would in no wise explain the intimate association o*' the (piicksilver 
deposits with the young eruptive rocks. Seeing that these deposits, 
whether in California, at Krain, or the Sierra Morena, etc., always show 
the same monotonous character, and that, in large amount, the cinnabar 
is accompanied only by pyrite, it may be accepted with a fair amount of 
certainty that all these deposits have been formed by analogous (irocesses. 
Since also in the neighbourhood young eru|)tive rocks are generally to be 
found, it is probable that the magma of these rocks stands in causative 
relation to the origin of the quicksilver. 

The young gold-silver lodes such as thoseatNagyag, Krcmnitz,Schemnitz, 
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Comstock', etc., to which the tin-silver lodes at Potosi, Oruro, etc., in 
Bolivia are closely allied, have a wealth of properties in common: 

(n) Tliese loihis are generally as.sociated with the occurrence of eruptive 
rocks of 'J'ertiary or late Mesozoic age, though they arc in no way regularly 
dependent upon any one {)arlicular rock. Indeed such a complex 
of eruptive rocks may contain acad, intermediate, and basic members, it 
being understood that acid rocks contain above hO per c(mt of SiO„, intcr- 
mediat(! rock.s between .50 and 60 per cent, and basic rocks less than 50 
per cent. Leaving out of consideration the exhalations which may still 
be observed to-day, the formation of the lodes appears to belong to the 
end or to one of the end phases of the particular vulcanicity. 

{!>) Not only with the gold lodes but also with those carrying silver the 
most important gangue is quartz. After quartz comes cahate which 
not infrequently is accompanied by rhodoehrositia and then barite, while 
fluorite and the other fluorine and chlorine minerals are usually wanting. 
Exceptionally however fluorite in considerable amount occurs at (Iripple 
Creek. The absence of fluorine and chlorine in the majority of these lodes 
is remarkable and indicates that these elements in geimral can have had no 
material influence upon their formation. While it was formerly aceej)ted 
that the boron minerals were practically ab.s(uit, more recent inve.stigation 
has shown that tourmaline occurs in certain districts. Western Australia 
for instance, in lodes of this cla.ss. 

(e) In their chemical-mineralogical relations the young gold-silver 
oceurrences are ])articularly characterized in that gold and silver accompany 
and replace one another in various jwoportions. The known occurrences 
may indeed be so arranged that all gradations from argentiferous gold 
ores to auriferou.s silver ores may be ])rosinit('d. The gold bullion won 
from such depo,sits cannot be reckoned olf-hand as gold, but a determina¬ 
tion of its lineness, whicdi may be .5(10 or less, is necessary. 

iSome of the lodes of this group are the real source, ot the metal tel¬ 
lurium. and the association of gold with tellurium has already long been 
remarked. The ijitimatc manner in which free gold and tellurides 
arc found intergrown in primary ore in Siebeuburgen, in Colorado, and 
in Western Australia, is evidence that both became formed under exactly 
the same conditions, ft has already been mentioned in the chapter con¬ 
cerning the natural association of metals that tellurium may in part be 
replaced by selenium. It is further characteristic of the lodes of this 
group that sulphides often occur in considerable amount, pyrite especially; 
this indeed is sometimes so much the case that the miners sjieak of the 
primary ore not as telluride but as suljihide ore. (lalena and sphalerite are 
less abundant though in Schemnitz they arc more plentiful than pyrite. 
Finally chalcopyrite is often present though in subordinate amount. 
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With the silver lodes the occurrence of the sulplio-salts, pyrargyrite, proua- 
tite, stephanite, tetrahedrite, boiirnonite, is interestin'; and characteristic, 
while in some few places combinations with bismuth are to be noticed. 

Idle tin-silver lodes of Bolivia, on account of their richness in tin, 
wolfram, and silver, occupy a place by themselves, though on the other 
hand tin; frecpient occurrence of arsetnc, antimony, and bismuth, 
connects them with the young gold-silver group. If it be remembered 
that tin forms a sulpho-salt and that the sulj'hides of tin, antimony, 
and arsenic, are known to be soluble in an alkaline suljihide, the genetic 
divergence between the Bolivian lodes and the young gold-silver lodes 
does not apj'ear groat. 

{(1) With these lodes the almost constant alteration of the country- 
rock to propylite, as mentioned on p. 1.34, is of particular signilicanco in 
relation to their genesis. This alteration consists in the. formation of 
chlorite, talc, kaolin, calcitc, etc., and in the introduction of ])yrite and 
other sulphides, by the action of mineral solutions upon the normal 
Tertiary eruptive whereby finally a complete change of that rock is 
(effected. 4’he chemical composition of propylite shows that the solutions 
circulating in the fissures were in most cases rich in carbon dio.xide. and 
in sulphur compounds. Exceptionally also, as at Verespatak, they contain 
silic.a causing thereby and at the, same time a sihcification of the country- 
rock. Bropylitization is just as characteristic of the young gold-silver 
lodes as the formation of greisen is of those of tin. 

(c) Tin; young gold-silver lodes in relation to their mineral content 
a))proach the (piicksilver occurrences. Both ar(! connected with young 
eruptives, and in both cases cpiartz is the )nost imjjortant gangue, after 
which comes calcitc, while the fluorine minerals are usually jiractically 
absent. In addition, the arsenic and antimony minerals so characteristic 
of the young g<)hl-.silver group are ais() found to occur in the (piicksilver 
deposits, though in small amount. Einallv it may be noted that lodes 
of both ores arc sometimes found together though this is seldom, 
and even gradations from one, to the other may occur though this is 
(|uite, exce|)tional. 

O]i])osed to these, jiolnts of agreement are, others of divergence. 
While with the young gold-silver lodes sulpirides and sulplm-salts are 
often abundant, the (piicksilver-deposits are characterized by poverty in 
such minerals. Further, while in the one case gold a.nd silver became 
concentrated in the solutions, in the other the, presence of quicksilver 
characterized the solutions. 

The question from whence the young gold-silver lodes obtained their 
noblc-rnetal content is just as unexplained as the source of the quicksilver 
in its deposits. There can to-(lay however be no doubt that this 
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content was not obtained by leaching from the immediate country- 
rock, that is by lateral secretion in the original sense of that expression. 
It is equally difficult to explain by the extractive action of heated water 
upon the various solid rocks through which the solutions passed, that 
is by lateral secretion in a wider sense. Since the geological complexes 
of the different districts where such lodes arc found always dift'er and are 
various, a genesis such as this would not explain the close agreement 
invariably found between them. It would appear much more 
natural to accept the dependence of these lodes upon a young eruptive 
formation to the extent that they derived their material directly from the 
magma itself. 

Such a derivation has also been accepted for the tin and apatite lodes, 
hydrofluoric acid providing the means of extraction in the first case and 
hydrochloric acid in the second. With the young gold-silver group, solu¬ 
tions of the sulpho-salts and carbonic acid were the active agents. Where 
for instance an alkaline sulpliide is dissolved in a magma, that magma 
would be capable of taking up arsenic, antimony, bismuth, tin, gold, silver, 
quicksilver, on the one side, and tellurium and selenium on the other, 
from a molten mass. With eruptive magmas of similar conq)()sition, 
the composition of the lodes would also be similar, and the varying 
j)roportions between the different metals may therefore, apart from different 
chemical and physical factors, be ascribed to differences in the e.om- 
position of the original magma. Other variations in the, mineral solutions 
from which the lodes were formed may also have resulted from the 
precij)itation of certain constituents before the lode fissure was reached. 
A point of particular importance in the ex|)lanation of the, oce,urren(!(^ of 
silver, especially in such lodes where calcite is abundant, is that silver 
carbonate, is even more readily soluble in water containing carbon dioxide 
than calcite. The precipitation of ore from a sulpho-salt .solution can 
be taken to have proceeded in a manner similar to that now in evidence 
at the recent quicksilver deposits. 

The, stages in the formation of the lodes of the young gold-silver 
group may therefore be set down to be ; 

1. The concentration of the noble metals in certain sections of an 
eruptive magma by magmatic differentiation. 

2. The extraction of these metals from this magma presumably by 
sulpho-salt solutions or carbon dioxide. 

3. 'Pile transference of the same f/om the magma to the fissures. 

4. The precipitation of the minerals in lodes and country-rock. 

I’he individual lodes of the old lead-silver-zinc group in relation to their 
genesis exhibit much that is common to the grouji as a whole. A statement 
of the more important characteristics becomes on this account, and because 
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the greater number of all known lodes belong to this type, of great 
importance. 

Their mineralogical character varies; all gradations arc found 
from the silver lodes of Kongsberg carrying little else than silver and 
argentite, to the typical lead-zinc lodes of Clausthal which have but a 
low silver content. Districts lying so close together as Clausthal and 
St. Andreasberg, and of which ])resumably the ores were formed in much 
tlie same manner, may show great divergences in their mineralogical 
character. In the case of St. Andreasberg this may in ])art at least be, 
ascribed to secondary change, but in the Freiberg district the different 



’rant) Wiiul Di.ibasf. GiaiJite. m lo<li's, nuscbiiii EHcnsfi-m 

inwaclu'. slati" '*1 ItTul aii<! - - liDii 

nic 


Fig. ir)ri.“'riit‘ St. sit'iatt,-)! in tin' of country bctwofii tin- Nenfaiif; 

iiiid E<li‘llcni«‘ FliicAns, Jn llie‘!o lodes tlx* vilvn- is i>rin<'i))nlly contained in silver ores |no})ct, 
while lu tho Clau.stli.'d distnct not far away il is quite otherwise oontaincd. 


lode systi'ins, undoubtedly primar}', embrace extreme types belonging 
to this grou}). 

These old lead-silver-zinc lodes usually contain but little gold. No 
alteration of the country similar to proiiylitizatiou may be observed, 
although metasomatic changes resulting sometimes in the, formation of 
chlorite and sometimes in the deposition of silica, are always present. 

If extreme types of the young gold-silver lodes and of the old lead- 
silver-zinc lodes be, compared, very little similarity in their mineralogical 
character is apparent. 'The lodes of Schemnitz however which belong to 
the young group, in their intergrowth of quartz, galena, s])halerite, 
mareasite, and chalcopyrite, agree strikingly with many of the lodes of the 
Freiberg and Clausthal districts belonging to the old group. From this it 




188 


ORE-DEPOSITS 


follows that the old Icad-silver-zinc lodes must often have been formed in 
a manner and by a procedure similar to the young gold-silver lodes, and the 
difference between the two groups may be described as quantitative rather 
than qualitative. It agrees very well with this view of their possible genesis 
that in cxten.iive districts such as those, of the Plrzgcbirge and the Ilarza 
dependence of the lodes upon deep-reaohing tectonic dislocations and erup¬ 
tive phenomena has long been established. The material of these lodes 
has undonbted'y been brought np from depth, in solutions which probably 
had a composition similar to that from which the young gold-silver lodes 
resulted. The source of the met.als in these solutions is however oven 
more problematical than with the last-named group. 

The old gold-quartz lodes consist chiefly of quartz with auriferous 
pyritc and free gold. They have therefore to this extent a striking resem¬ 
blance to some of the lodes of the young gold-silver group, though almost 
always there is this difference, that the gold of the latter groiq) is accom¬ 
panied to a large extent by silver while that of the old gold group is 
comparatively very {)ure. 

With these gold-cpiartz lodes, the telluride ores rarely occur to any 
extent, though as mineralogical curiosities they are pri'seuf in many cas(‘s, 
as for instance in the lodes of Ihimmeh) in Norway, where tetradymite 
occurs in minute (juantities. 'I’he accumulation of telluride minerals 
remains therefore e.xclusively an association with the young gold-silver 
lodes. Selenium is found in many cases in considerable amount, as for 
instance in the seleniferous galena-bismuthinite. (lej)osit at hhihlun, which 
also contains gold and wliich Vogt regards as a link between th(> pyritc 
deposits and the, sulphide, gold-(piartz lodes. Quartz is the chief gaugue 
mineral; fluorite is generally W'anting or occurs only as a mineralogical 
curiosity The occurrence of sulpho-salt minerals subordinate to pyritc 
is sometimes important; hismuthinite for instance characterizes tlu^ occur¬ 
rence of gold ore. at Svartdal in Norway. 

If the mineral content of thes(! old gold-quartz lodes be taken in 
many cases to indicate the j)resem:e of suljdio-salt solutiotis having a com¬ 
position similar to that accepted for the young gold-silver group, the source 
of such solutions would bo a still greater question than wdth the younger 
group. In most cases it is not possible to establish anv sort of connection 
with any criqitive rock whatever, and where such is possible the rock is 
one of I’alajozoic or Mesozoic Age. 

With these old gold-quartz lodes therefore only disconnected .stages 
in the formation of the deposit are known 

The deposits of native co])per at Lake Suiierior, though possessing 
in part a lode-like character, differ however from lodes in that they are 
chiefly shattered zones w'hich have become impregnated along the 
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fractures produced. The native copper is found in bods cluefly of mela- 
phyre but also of coiigtoinerate and breccia, eitlier filling vesiculos, veins, or 
pockets, or cementing fragments of quartz-porphyry. It is characteristic 
of those deposits that the copper is closely associated with calciti;, chlorite, 
prelinite, and zeolites. Practically speaking wlu'.u the o.xidation pi'odiicls 
which have resulted entirely by the activity of the surface waters bt^ left 
out of consideration, no other ores occur. A similar association of minerals 
is found under analogous circumstances in basic augitc-porphyry at Moss 
and at Horten in tlui Christiania district, and again in basalt in the Faroe 
Islands. 

In all these occurrences the native copper ajjpears to be genetically 
connected with basic eruptivi^ flows or sheets and without (|Ucstion the 
deposition was by ijrecipitation from solution in wliich the occurrence 
of zeolites, chlorite, calcite, etc., indicates that sdica and carbon dio.xide 
wci'e present. F’rom the advanced decoini)osition of the basic country- 
rock it may also be taken that this must have played a Tiiaterial ])art in 
the miiuu'al formation. It might be thought that this ju'ecipitation of 
native cojjper from solution might well have happened by electrolysis, 
but it is probable that the reduction was effected by minerals containing 
ferrous oxide, stich as magnetite, augite, etc. The occurrence, of kernels 
of magjiefite, within metallic copper and the fact that generally much 
ferric oxide occurs in these de])Osits may be regarded as evidence of this. 
Concerning f.he source of the copper solution no reliable, data are, available. 
The view that those deposits resulted from lateral secretion concomitantly 
with the. zeolitization of the eruptive sheet rcsiuiros further ])roof. 

With these deposits of native copper, hkewise, only disconnected stages 
of the mineral formation are known. 


Cuncenu'iiy llic Direclion of the Source from whence, the Mineral 
Solutions came. 

With lodes this may be very varied, necessitating therefore a more 
exhaustive discussion. 'I’he historical develo|)mcnt of this <juestion will 
not be considered here as tliis is done fully in the chapter upon lodes. 
There are three views held, these being known I’espoctively as the 
dcscension, ascension, and lateral secretion theories. 

(a) The dcscension theory assumes that the solutions to which the 
lode minerals ow’e their existence have come from above. Such an origin 
can bo considered for lode filling only where no manner of connection to 
eruptive phenomena is indicated and where the deposit accordingly is 
more or less a surface deposit. In this manner for instance small veins 
of iron ore are formed in limestone, most of which show but little 
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extension in depth. More important are the small cracks and veins which 
extend into the bed-rock below auriferous j'ravel - de])osits and contain 
a little gold which has infiltrated from above. 'I’he noble metal in 
these ca.ses was leached from the gravel-de[)osits by solutions of alkali 
carbonate. 

Again, th(^ veins of richer ore wliich as a result of migration of the 
metal content are not infrecpiently found penetrating from under the 
zone of enrichment some little distance into the poorer primary zone 
beneath, have also received their material from above. 

(b) According to the ascension theory the solutions which fill fissures 
or produce impregnated zones rise from depth. Since such a procedure 
w'ould usually stand in close connection to an eruptive magma, not only do 
a(|ucous solutions come into question but also the magma itself together 
with the va|)ours arising from it. This theory therefore embraces mag¬ 
matic injection, pneumatolysis, and the action of heated water. 

In connection with magmatic segregations, fractures in the country- 
rock may become filbnl wdth ore, such veins then appearing like aj) 0 [)hyse.s 
from the main ore-body. This occurrence, illustrated in Eig. IG, is one of 
ascension. If in addition a portioir of the ertiptive magma itself were 
found within the fracture it would bo justifiable to regard the occurrence 
as an injection. 

In the case of the tin lodes it is assumed that the so-calli'd tin minerals 
have been formed by the action of gases and va|)Ours arising from magma 
still molten in dc))th. As gases and vapours are here coucerned rather 
than solutions the procedure in error is spoken of as mineral formation 
by sublimation though the more proper term is pneumatolysis. In volcanic 
craters the deposition of sulphur in fissures and impregnated zones is often 
considerable, and sullicient in the cases of many extinct volcanoes to form 
the basis for profitable mining. Such sulphur-deposits as these have also 
been formed by ascension. 

The, formation of lodes from aipieous solutions is however of far greater 
importance. These solutions in most cases represent the later jihases of 
eruptive phenomena since they are sometimes in close and sometimes in 
distant connection with an eruptive magma. T’hc contact-metamorphic 
lodes and some others, especially those of the ipiicksilver and young gold- 
silver groups, stand in easily traceable connection with eruptive rocks, while 
with those of the old gold grouji and the sulpludo lead-zinc lodes there 
is generally only the presumption that the mineral-bearing solutions may 
be referred back to an eruptive magma. 

(c) In only comparatively few cases is there direct proof that the 
depositing solutions have no relation at all to eniptive activity. I’hc 
deposits which have been formed by lateral secretion are among these. 
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Tlie essential nature of these deposits is that the metal which has become 
concentrated within them formerly existed chiefly in the form of silicates 
uniformly distributed throughout the country-rock, from whence it has 
become leached and re-deposited in fractures. While formerly, following 
the example of Sandberger, the lateral secretion theory was applied to 
the explanation of numerous groups of lodes, after the careful res(!arch of 
Stclzuer it can now only with certainty be held to be free from objection 
in one cas(‘, namely, that of the veins of garuierite and asbolamu With 
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these V(Mus lateral secretion proceeded as follows. Nickel being one of those 
elements associated particularly with basic rocks and especially with peri- 
dotitc, the first stage in the concentration of the nickel may be said to 
have been that of magmatic differentiation, which how'ever did not proceed 
far enough to form a useful deposit. Apparently in New Caledonia and at 
Frankensti'in in Silesia, etc., hot springs still further decomposed the 
serpentinized peridotite, leaching the nickel content to deposit it again 
in fractures as the hydrous nickel-magnesium silicate, garnierite. The 
occurrence in New Caledonia is illustrated in Figs. 15(1, 1.57. At Malaga 
it is probable that the occurrence of this nickel mineral has resulted 
from the decomposition of niccolite. 
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Similarly cobalt becomes concentrated iii the form of asbolaiie although 
primarily it occurred together with the nickel in the olivine. When de¬ 
scribing these depo.sits of garnierito in a subse(pient chapter the separation 
of the two elements to form .separate deposits is discussed. 

The dillerent stages in the formation of these deposits may therefore 
be Siiid to be : 

1. 'The concentration of the nickel in basic eruptive roc'ks and 

es[)(!cially in peridotite. 

2. 'The extraction of this nickel by heated waters. 

d. 'The deposition of the hydrous nickoTmaguesiiim .silicate in veins. 

On the Surface : Scdiinenlnhon. 

The formation of ores by precipitation ot\ the earth’s surface may 
be studied to-day in the lake- and bog-iron ores, further reference to wliich 
is made in a subsequent section wherein tin; recent and interesting 
work of the Finnish chemist, Ossian Asehan, is discussed. To tliis group 
belong also the deposits of manganese nodules found and investigated in 
many seas by means of deep-sea drerlging. Both these classes of de[)osit 
are of oxidized ferro-mangauesc ores. 

Under other conditions a deposition of sulphide ore takes place. The 
formation of ferroiis sul|)lude in the mud of the Black Sea is well known. 
The water near the bottom of this s(‘a, ])robably from the reducing effect 
of sinking organic remains or of bacteria ui)on the sul])hates ])rescnt, 
contains sulphun^ttcd hydrogen which prc'cipitates the ferrous sulphide. 
This occurrence is mentioned again later when di.scussing the de.posits 
of sulphide ores. 

In addition and as shown by E. Kohler,' the phenomena of adsorption 
arc im))ortant factors in the formation of many deposits, e.specially those 
de.posited from sea-water. By adsorption---which must not be confused 
with absorfitiou - is meant tlu^ phenomenon wherciby such substances 
as charcoal, gelatinous silica, clay, and kaolin, take within their 
mass gases, metal-salts, etc., with whi(;h thev conu! in contact. Jf for 
instance a pulp of clay or kaolin be added to an a(iueous solution of copper 
sulphate, this salt will become adsorbed in the sinking particles ; so 
searching is tliis action that even the smallest amount of the copjier salt 
in this manner becomes precipitated. It must not be overlooked however 
that under certain conditions adsorption is accompanied by a chemical 
change. 

Sedimentation postulates conformity, that is a regular or in any 
case a uniform deposition over a certain area. It is exemplified by 
the coal seams which maintain approximately the same thickness, the 
' Zeit, f. prakl Oecl., 1903. 
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saiao percentage of ash, etc., over large, areas. With metalliferous dejaisits 
however, though a.s ilhustrated in Fig. 158 tliis conformity may be e.xtensivc, 
it is usually more limited since their formation is more or less dependent 
U[)on lo(tal circumstances. Ijake-ores for instance are Jiot usuallydistributed 
regularly over the entin^ bottom of a luk(‘ but oidy in particular part.s. 
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It is therefore not surprising that s(Mlinientarv ore,-de]>o,sits often pinch 
out fairly quickly. It was formerly considered that coutormity in an ore- 
dejiosit was a suflicient indication of a si'dinientary formation, but this 
view, as may be gathered from h’ig. 159, can now no longer be maintained. 

Recent inve.stigation has shown thatmetasomalio alteration often limits 
itself to particular layers of a formation whereby a deposit is formed having 
great regularity in stiike and dip. Such a deposit may indeed to all 
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appearances be a sedimentary deposit thonifb the ore was inti-oduccd 
long after the sedimentation. The Norwegian pyritc deposits also, which 
according to the latest investigations of Norwegian geologists are to bo 
regarded as maginiitie injections along certain bedding-i)lane.s, show in 
places a certain conforinity to beds in the hanging- and foot-w'alls, so that 
in error they wei’c foi'iuerly often considered as sediments. It follows 
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from these in.stances that it is often most dillicnlt to determine whether 
a conformable ore-deposit is, or is not. of .sediiiKnitarv origin. 

A number of iron deposits an- of undoubted si'dimeutary origin, sueli 
for instance as tlie. 'rertiary ores corresponding to the recent lake- and bog 
ores; many oolitic ores of the .lura.ssic and other formations; the carbon- 
acoons and clay-iron ores, eti’. With the,se also itubirite or ferrnginous 
mica-schist may certainly be clas,sed, On the other hand a number of 
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bedded or a|)parenlly bedded 
occurrences of magnetite and 
liiematite in cryslailine, .schists, 
must now bo considered as 
epigenetic in cliaracter though 
formerly regarded as .sediinonts. 
An occurrence of such deposits 
is illustrated in Kig. lott. 

The of the 

Zechstein formation is regarded 


by many aiitlioritic.s as a tyjiical 
example of a .sedimeiifary deposit of siilpliide ore, thongh Beysclilag 
and Kriisch have come to the coiiclnsioii that the cojiper is younger 
than the sedimentation of the liitiiminoiis marl. 'I'lii' Knoticn ore-hed 


at Kommern, illustrated in Eig. Ini, is also conformable although the 


secondary nature of the ore within if, has been completely e.stablished. 
In the precipitation of ore within sandstone,, adsorption often jilays a 
material part. 
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G. T’iif, Formation of Orf-Deposits by Mechanical 

(’ONCHNTRATION : IIUTRITAI. DEPOSITS 

Wliile most ovc-beds were formed by deposition from solution, the 
detrital deposits formed by the meeliaiiioal ri'iirrangoment of older oeeur- 
reiKH'.s though having 0 ((u;d right to lie termed ore-beds, occupy a place by 
tliemselves. Tlu'se may be divided into de.ti'ital deposits in the narrower 
sense, and into gravels, though between the two classes thei’e is no genetic, 



Flo. llil —No<liil,ii di<‘-!k’<I ;it Kdiuhhtu oil tin' iti'itli'-in Imiiloi ol llic FiiVl. (’oDliHniaMt- 
oali'ii.i lifl M-'iiltiipj; lioni spcoipldry iiii|HT,iiiia1ion dI ci-ilaiii l.nN. 


dilferencc. While the gravels lie immediately on the, surfa(^e or under a 
t hin covering only, the detrital depo,sits may be covered by a considerable 
thickness of younger beds. The dill'ctence, therefore is usually one of age, 
the detrital de])03its being gcnerallv older than the gravels, which in fact 
belong either to the Alluvium or Diluvium (icriods. 

With both classes of deposit oidy the last stagi' in the proc(>ss of for¬ 
mation is known, namely, the disin1egra,ti<m of an older bed by the 
mechanical action of water and the concentration of the material to iorm 
the new deposit. 
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lx ostiiiiatins tlie ('(•(inniiiical iiii|)<irtiiuoi‘ of an oro-doposif, it is not 
snltifient that the ore likelv- to lie present be enlcnlafed witli all possible 
care but the ejnestion nuist also be put ns to the ])ositiou the deposit under 
consideration takes among analogous deposits. The discussion of such a 
subject is however only possible when the ex'hausted as well as the 
e.xistin^ occurrences arc known, so that the size, of the ])arti(!utar deposit 
may bo the bettm- apiireciatod by comparison. M'ith this in view the 
figures of some of the known ore-deposits a,re gii'cn in this chapter. 

Iron Ore.—The finest and richest single deposit yet knoun and inves¬ 
tigated is that of Kiirunavaara-Luossavaara in northern Sweden. This 
magnetite deposit extends on both sides of the Luossajarvi Lake as an 
interrupted elongated elevation, this prominent ])osition having resulted 
from the more conijiletc erosion of the less resistant ac;id porphyrytic rock 
in which the deposit occurs. Accor ling to olficial report,s the quantity 
of ore above the level of the lake is from 2;33-29'2 million metric tons 
consisting chiefly of Thomas ore with ()3-(i4 per cent of iron. Fvery 
further metre in depth is estimated to contain I-I million tons of additional 
ore so that, reckoning to a dejith of 300 m., aiiproximat-ely 700 million 
tons would be available. According to a magnetic survey a continuation 
of this deposit for a dejilh of perhaps 2 km. may be jiresumed. to wliich 
depth 2500 million tons wonid be contained, a figure which at the present 
however Ls only of theoretical interest. If again it b(' remembered that in 
the past a tremendous quantity must have been eroded, the original 
quantity of ore may be put at about 3(M»0 iniHiou tons containing about 
2000 million tons of metallic iron. 'Tlie yearly production since 1903 has 
been from 1'2 to 1-5 million tons. It has however been decided to 
increase this to 3-3 million tons within a few years, 
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In Iho case of the famous occumiiico at Oellivarc Jiaviiig a yoarly 
[)rodiictiou of ajjproximately 1,000,000 metric tons, it is ve(fioue(l tliat 
every metre of d(^j)tli contuius al)oiit 550,000 tons of ore ; at I'ikstroins- 
berg and at Sva|)])avaara - both lying in the neii^hbonrhood of 
Kiirmiavaara 200,000 and 180,000 tons res])eetively ; and at (li'iin^es- 
berg m middle Sweden about 110,000 tojis. Every single mine in the 
numerous though relatively small Helds of Danninnora, IVrsberg, 
iStriberg, etc., in middle Sweden, produces from 5000 fo 20,000 tons |ier 
metre, of depth, and some still more. Leaving tirangesberg out of 
considi'ration these mines of middle Sweden have jiroduced .some 70 
million tons sjinnid over several cimturies. Similarly the mines near 
Arendal in southern Norway during a period of roughly 2.50 years have 
jiroduceil about 2-3 million tons of iron ore. 

The most important deposit of rion ore in Central l‘luro]ie is the cele¬ 
brated Minotte oeeurrenee in tlernuin Loraine, Luxemburg, and the 
adjoining departments of Jleurthc and Moselle in France. The pisolitic 
ores of this oeeurrenee. rvhich is illustrated in Fig. .58, are found in the beds 
of the Lower Oolite. The total amount of ore reckoned to bo present in 
au area 100 km. long and 10 20 km. wide is 2000 million metric tons 
which, containing 80 |)er cent, is erpiivaleut to 700 million tons of iron. 
Although the amount of ore and more jiarticnlarly the arnoniit of iron in 
this deposit does not nearh' reach that of the Swedish deposits mentioned 
above, the amount of lime in this ore is e.s|ieeia.lly advantageous, and the 
deposit will in any case guarantee the existence of the iron industry in 
Uermany for a long |)erioil. 

From the metasomatic dejio.sits of iron ore in the Lower Cretaceous 
beds of the Bilbao di,strict in Sjiain, till the end of the year 1907, about 
1.50 million metric tons of ore siderite, Ineiuatitig and linionite—con¬ 
taining an average, of .50 52 per cent of iron, had been won, and though 
some of the deposits are now exhausted, the yearly prodneiion is still 
maintained at about 5 million tons. In this district within an area 
25 km. long and 5 10 km. wide, approximately some 250 million tons of 
jiayable ore containing 125 million tons of metallic iron were jiresent. 

Jf the most important deposits of iron ore now being worked be, com- 
))ared, it is scon that though (piite a number of them contain or did contain 
10-20 million tons of ore, but few reached 100 million, and those which 
contained 1000 million tons must b(> regarded as rarities. A detailed 
review of the available quantities of iron ore in dili'erent countries was given 
before the International (leological Congre.ss in Stockholm in 1910. 

M((ng<ni(>se Ore.- -The most important dejiosits of this ore yet known 
arc those of T.schiaturi near Kutais in the tiaucasus. and of Nieojiol on the 
river Dnieper, both in Kussia. A few years ago the available ore of the 
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first of these deposits was reckoned at 98 metric million tons and of tin; 
second at 7-5 million tons. 

Copper Ore. --'riic deposits of copper ore do not l>v a lone way reach 
the j’ieaiitic dimensions of the occurrences of iron ore. Further, since the 
copper cout('nt is g(uierally low ami varies considei'alily from one deposit 
to anotlier, tiie co|iper .statistics generally have refercnc.e to the total 
quantities of metallic copper ratlier than to fig .ires of ore. In the follow¬ 
ing examples therefore, figures of metallic copper oid\' are given. 

Kiiros in Norway, with smelting ore containing 4 (1 per cent of copper, 
has from the begiuning of work in Ifil 1 to the year 1907 produced about 
80,000 metric tons of metallic copper in addition to pyrite containing 
10,000 tons, making 90,000 tons in all, having a value of about £7,.500,000. 
At Fahhm in the Sweilish |)rovince of Dalarne, work was begun in the 
thirteenth century since which date, and from ore containing now about 
9-.5 per cent of coj)per, hOOjOOO tons of metallic co])peT. in round figures, 
have been produced which, with the gold and silver contained, represents 
a total value of about ,to5,000,000. The jjeriod of highest proiluction was 
in the middle of the seventeejith ccTitury when, in the year 1050 tor instance, 
3155 tons of co])|)er were produced. At the present time when the j)ro- 
duction has sunk to one-tenth of this amount the mine keeps up its existence 
by working the i)oorer [)ortions refused in fornuu’ years. 

The iiio.st important occurrence of copjier ore in middle Europe is 
that of the Kiipfersclnefer of Mansfeld, which belongs to the Lower Zech- 
stein of the I’ermian system, wherein it lies conformable. This dejiosit 
consists of a bituminous .shale carrying about 3 jier cent of cojijier and 
1.50 gnu. of silver jier ton for a width of 25 cm. In addition there are 
however two other occurrences of ore, one above and one below, which 
following faults are neither regular nor conformable. 'I’he |iroduction of 
copper at .Muii.sfeld from 1779 to 1877, amounted to 1.30,000 tons; from 
1878 to 189.3. to 180,ti00 tons; from 1891 to I9t)7, to 280,000 tons : making 
from 1779 to 1907, a total of 590,000 tons. If the still (‘arlier production 
be included the proiluction of this field may be jmt down as two-thirds of 
a million tons of copper. In consequence ol the comparative regularity 
of the distribution of the copper it is po.ssible and pertiiumt to reckon the 
amount of this metal contained per unit of area. This amounts to 
approximately 10,000 tons of copper per square kilometre. Using this 
figure there existed origiuallv in this relatively poor Kiijifertichiij'er of 
the Mansfeld .svncline, several millii n tons of copper. 

In the celebrated Lake Superior district of North America the 
copper occurs entirely native, either filling vesicles, veins, and pockets 
in melaphyre, or as the matrix of a quartz-porjihyry conglomerate 
in a rock complex lying unconformably upon the rotsdam sand- 
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stone of t.ho Upper Cambrian, and covered by prc-Sihirian sandstone. 
Tlie large.st mine working tliis deposit, the (iabmiet and llecia, liaving a 
pri'sentdepthof 1100 m.,from 1808 to 1907 produced 7b0,(100 tonsof eoj)per. 
The, other mines from the comnieneement of work in 1815 hav<‘ together 
produced about 090,000 tons, so that the j)i'oduction of the wdiole district 
hitlierto lias been about 1-5 million tons. Many of these mines are now 
considered e.xhansted. Speaking generally the amount of cop|)er still 
to be obtained from tlie ('alumet and Ileida may be put at l-b million tons, 
and that of the entire district at 2-2 million tons. 

The Anaconda .Mine of Butte, Montana, is working one of the riche.st 
and most celebrated cojiper deposits of the world where the occurrence 
is that of composite lodes in a country-rock of granite, and in the neigh¬ 
bourhood of rhyolite intrusions. From the beginning ot the work in 
1880 81 till 1907 the.se mines jirodnced not less than 1,970,000 tons of 
copper, while the amount of ore now considered to be present in thi' dejiosit 
is estima.ted at several million tons. 

Undoubtedly however the most important of all copper deposits yet 
known are those occurring in the di.strict of Rio Tinto or Huelva in the 
south ot Spain, from whence in ancient times 29 39 million tons of pyrite 
and copper ore may be considered to have been produced. Since the 
middle of the nineteenth century appro.xiniately 19 million tons of jiyrite 
containing 3 per cent of cojiper have been jiroduced, and according to a 
ealenhition made in l89o, a lurther amount of lo-h million tons was then 
present in the neighbourhood of Hio Tinto alone. It may be reckoned 
therefore that in the three or four princi]ial mines of Rh) Pinto there were 
originallv about 290 million tons of jiyrite containing 1-5 million tons of 
c()[)per. If to this be added the amount calculated to have been origin¬ 
allv present in the mass which has bi'cn removed by erosion, and the 
further amount still e.xi.sting in dejith, the figure of -190 million tons of ore 
containing at lea.st 8 million tons ol copper is reached. 

'Phe numerous other jivrite deposits iu southern Spain and Bortngal 
are considerablv smaller. Soini" nevertheless originally contained 
29 59 million tons, that is 1-5 million tons of copper, though most did 
not contain mote than 19 million tons. The total production of the 
Tharsis Company, working five or six large mines, two of which however 
are now practically exhausted, from 1898 to 1997, was 37o,999 tons of 
copjrcr, w'hile that of the St. Domingo Comjiany with only one large mine, 
from 1859 to 1997, was 199,999 tons. The total production of the 
remaining mines in .southern Spain since the middle of last century 
amounts to about 159,999 tons of cop|)er, to which however must be 
added a considerable amount won previously. It is of importance and 
interest to remember that these large cupriferous pyrite deposits, consisting 



OKK-DKI’OSITS 


;juu 

almost one-half of snl|ihm', represent at the same time the most im¬ 
portant deposits of snl))hur in tlie workl. 

Tlie total production of Cornwall, the most iiiiportant co])per district 
in England, from 1720 to IlSOO, amounted to .‘15(1,(100 tons; from LSOl 
to 18'15, to .555,000 tons; from 1810 to 185.3, to 1.50,000 tons; from 1854 to 
1893, to‘210,000 tons; and from 1891 to 1900, to 7000 tons; or altogether 
from 1720 to 1900, to 1-3 million tons, Inchuling an amount to represent 
that produced eailier than these dates, the total production of Cornwall may 
be estimated at 1'7.5 million tons, though thereby the copper available in 
the mines down to depths of 500 800 m. has practically luicoiue exhausted. 

The better ktiown of tin; copper deposits of Russia and Siberia, those 
for instance at Perm, Ural, Kedabek in tin! Caucasus, etc., have together 
produced about one million t<tns of copper. Tho.se in Perm ar'e now practi¬ 
cally exhausted. T’he numerous copjier deposits found almost all over 
Chili produced up to the end of the last (auitury about two million tons of 
copper. In doing this however the jiace was .so for(a‘d that many of the 
dejmsits are now' exhaust('d and others are not far from being so, a con¬ 
dition of affairs rellecte<l in a present production of 2(),((lK)-3(t,(HI0 tons 
per year against 50,000 tons previously. 

The total production of the. numerous mines in .lapan from 1881 to 
1907 amounted to 520,000 tons, lluring the jmwious 250 \'eais it is 
.stated that a yearly production of about 28(J() tons was maintained, making 
altogether about 1-25 mdliou tons of copper to date, though the data 
employed in this coinjiutation reijuirc conlirmation. The lu'oduction 
during recent vears has ri.sen considerably, a sign that the (piantities avail¬ 
able arc far Irom exhausted. 

Copper nulling in South Australia, which began in 1841 ha.d not, up to 
the year 19(10, jiroduced 300,000 tuns of copper. Two-thirds of the ]iro- 
duction conies from the districts of .Moonta and 1\ allaroo, 'I’lie Rurra.- Hurra 
Mine, where cu])rite is th(“ principal o.-e, produced irom 1815 to 1877 about 
52,(J00 tons. From the copper mines of New South Whiles up to I8t)7 
a total of 122,000 tons had been won. 

According to the above data the mo.st imjiortant cojipi'r deposit in 
the world, the Rio Tinto, contained originally 8 or at mo.st 10 million tons 
of copper and it appears questionable whether there exists any larger 
copper deposit; only a few deposits contained as much as one million tons, 
and many famous and important mines were completely exhausted after 
jiroducing from'250,000 to 500,000 tons, so t hat occurrences with a total of 
100,000 tons must be regarded as noteworthy. In many cases the original 
amount did not reach 25,000 tons and many smaller mines, some of which 
may have been in ojieration lor more than a hundri'd years, produced less 
than 10,000 tons. 
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Owiiif' to tho liigli value of uuitallic c'oj)p(;r the average eojijuu' 
content of tlie ores mined is coinparativcdy low. ddie folloAving stat(Mnent 
is taken from figures anived at by Vogt in IHlVi. In this the eo|)|)('r 
content refers in each case to the ore hoisted, in which a good deal of (he 
country-rock, unavoidably broken with the, ore is also included. Allowance 
has been made for all lo.sses in concentlution, smelting, and e.xtraction, 
these los.ses by any rational system of treatment being such that the original 
content of the ore is usually about 25 per cent higher than the ligui'es given, 
thc*se rejircsenting the amount rc'Covered. 
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Silivr Ore .—Thp mini's at Kongsbei'f; in Norway from I(!24 to 1907 
produced about 9(i0 tons of silvei' havin'; a value of about £8,000,099 ; 
the famous lodes of Freiher;; from 1 Hid to 1890 produced oOoT tons havine 
a value of ahout £11,100,000 ; the Comstock lode, now ri'parded as almost 
exhausted, from l8o9to 1889 |iroduced about 1820 tons of silver and 211 
tons of eold with a total value of about £08,000,000. 

More excellent still are the results from sou'c of the famous old mines 
of Peru, Roll via, and Mexico. The production of the Veta (Iraiule, Zaca¬ 
tecas, alone, from Ibid to 1823, has been reckoijed at 11,000 tons ol silver 
valued at £115,000,000, The total production of Poto.si in Bolivia duriiie 
the period 1515-1789 was reckoned by Alexander von flumboldt to have 
been about 15,000 tons or £122,000,000; while A. K. Wendt reiikoned 
that the total [irodiietion from tlie be;;imuue in 1510 to the end in 1809 
was not less than 30,000 tons or more than six times the production of 
Freiberg and Comstock together. 

When considering tliesc tigures of jirodiictiou however it must be 
remembered tliat all kinds of lo.sscs occur in the winning of silver, that 
only the richer ores were worked, and that the mines generally were, not 
exhausted in depth. Totals of |u'oductiou are. therefore in general con¬ 
siderably lower than the ipiantity of metal originally concentrated in the 
deposits concerneil. In spite of this the lignres given above allow it to 
be said that occurrences containing more than 19.999 tons of silver, that 
is twice the amount of the Comstock |)roduetion, within one niiiie or within 
one closelv-bounded mining di,strict, must be accounted rare, while mines 
with 5900 tons or 19,9f)U tons are also quite uneommon. If however whole 
districts such as those, occurring in Mexico and in Bolivia be cemsidored, 
higher figures will naturally be obtained. 

GoM Ore .—The total production of the United States from 1815 to 
1900 amounted to 1286 tons of metallic gold having a value of close upon 
£000,009,001) That from Australia from 1851 to 1990 was 3980 tons or 
not quite so much as that from the United States. In contributing to 
the.se amounts however the gravel-deposits, which were, largi'ly responsible 
for the ra])id rise in the production, beeanie as is well known completely 
exhausted, so that the present [iroduction comes substantially from lodes 
and hut little, from such gravels. 

The Comstock lode in Nevada alone from 1859 to 1889, produced 214 
tons of gold with 1820 tons of silver. .4t Cri|ijile Creek in Colorado, where 
in 1891 the telluride, ores were, discovered, the mines up to the end of 
1905, from within a circle having a radius of 3 km. and to a maximum 
shaft-depth of 100 in. produced according to W. Bindgren, gold to the, value 
of approximately £2(1,000,000, corres])onding to 1!)0 tons, which amount 
up to the end of 1907 had increased to 235 tons. 
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The different lodes of the Kalgoorlie district, Western Anstralia, 
were reckoned by Krusoh ^ to contain tlio following quantities of gold in 
500 feet of length and 1000 foot of vertical dejith : 


No. 4 loilc, (;!oldoiJ llt)lS(‘sll»IC 

No. 4 „ (lr(*at l^oulder 

No. ‘A „ (loldiMi Uor.soshou 

No. 3 ,, l’(“rs(!Voranf(‘ 

No. 3 „ LakuViPw 


10 2H8 lolls. 
4 \'M) 

4 0r>H 
3-045 .. 

2 7(K) 


These (Igures pertaining to a eonqiaratlvely .small loile-section are 
interesting and valuable cs))ecially wben compared with others similaiiy 
obtained from the Witwator.srand where gmierally within such a section all 
the ore-beds, there known as ‘ reeks,' together contain but 5-5 tons of gold. 
This comiiarison however is not complete without taking into consideration 
the fact that the above-mentioned lodes in Australia are ])raetically vertical 
while the AVitw'atersrand conglomi'rate beds dip about 45“ at the outcrop 
and 2-5° in depth, the effect being, that whereas at Kalgoorlic the dis¬ 
tance on the lode-plane, practically coincides with the true vi'rtical depth, 
with the Witw'atersrand reefs the distance upon the reef-])lane rcjiresents 
the hypotenuse of vertical depth, this latter being aliout 2-I1 limes 
less, so that to make a compari.son with the lodes in \Vi‘stern Au.stralia, 
this figure of 5-5 must be divided by 2-H. The figure of 2-5 tons thereby 
obtained represents (he amount of gold in a reef sectimr upon the Wit- 
watersrand, 500 feet long and 1000 feet deep, iqion the plane of the reef. 
'I'his figure would bo still more unfavourable, if each one of the conglomerate, 
beds were considered by itself. As it is, it is seen that all of them together 
do not, in so far as the (pnmtitv of gold contained is coneernetl, reach the 
figures of the particular deposits of Australia mentioned. 

If we assume that the lodes of the (ireat Boulder, the Ivanhoe, and 
the t.iolden llorsoshoe, which together form a connected lode-series about 
:?5(l feet long, maintain the above-mentioned values to a depth of 1000 
feet the amount of gold contained would be 100 tons. This assumjition 
has however been found by the experience of the last vear or two, not to 
be tenable, as the mines appear to become poorer in depth and the figure 
of 400 tons is therefore, without doubt too favourable. Since however 
this complex of gold lodes is one of the riche.st in the world I he statement 
is jiistifii'il that only in the rarest cases is an aiiiount of 400 tons of gold 
concentrated in one lode or in one series of lodes. 

In this connection however the aiirifin’oiis bods of the Witwatersrand 
are unique. Reckoning a length of 10 km., fj. de Laimay estimated 
that to a depth of 1000 m. there was an amount of 4000 tons of 
gold, and to 1473 in. an amount of (loot) tons. With these figures those 
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of flatoli iiiul Clialinovs iigroo. their estimate being 5000 tons to a deptli 
of lf)(tO m., a result wliicli Pecker coasklered not exaggerated. Since 
also the tilting ot the.se bed.s troni theii' oiiginal horizontal position took 
])lace snbse(|nent to the introduction of the gold, there is nothing to 
justify th(! a.s.suinption that the gold content will C('ase at a depth of 
1000 ni. With gold loih'.s on the other hand de|)ths of even 1000 feet are 
already eritieal. 

QiiichilL'cr Ore .—From statistics collected indative to (piicksilver mines 
it is seen that the most important of tliese ch^posits carry more than 100,000 
tons of that metal. In Idria for example, from the years 152.5 to 1900 about 
60,000 tons of (pdeksilver were produced, and it is estimated that there 
still remain 50,000 tons in reserve. Ja'aving out of consideration the poorer 
portions of the dejiosits, the losses in treatment, and the furtlu'r e.xtension 
in depth, it may be said that 100,000 tons of quicksilver were originally 
concentrated here. 

'I'he finest i|uick.silver deposit in the world is howi^ver Aliriaden whiidi 
during the [leriod 1561 -1900 and down to a depth of about 560 m., produced 
about 160,000 tons of quicksilver. Allowing for los.ses in treatment and for 
the fact that the. deposit becomes richer in elepth, it may b(‘ reckoned that 
to a depth oi 500 m. from 250,000 to 5;!t),000 tons of quicksilver were here. 
de])o.sited, w liich amount if a depth of 1000 in. be allow ed becomes increased 
to 500,000 or 660,000 tons, 'riie possibility of linding a depo.sit anywhere 
containing one or more million tons would therefore a|)pear to be e.xcluded ; 
while even de[)o.sits of 100,000 tons are very seldom encouutiu’ed. lluan- 
cavelica in Peru, from 1571 to 1525 when the mines ceased working, 
]iroduced about 270,000 tons; and New Alniaden in California, from 
1850 to 1897 [iroduced 51,000 tons. 'I’he last-named mine, which in 
1885 was already 650 m. deep, is now on the down grade. A large 
number of quiek.silver mines cannot even substantiate an original quantity 
of 10,00t) tons. 

At Almaden where the deposit is exceptional, not only quantitatively 
but also qualitatively, the ore hoisted usually contains 7 ])er cent of (piiek- 
silver. Most deposits howeier contain but from 0'5 to 2 per cent., 
and seldom from 2 to 4 per cent. Though (juicksilver deposits are le.ss 
frequent than tho.se of silver, when they do occur they are usually much 
greater ; some are even live to ten tinu*s as large a.s the most inqn>rtant 
silver deposits. Quicksilver is also more concentrated in its deposits than 
silver. A quicksilver content of ()'5 to 1 per cent in a mseful dejiosit would 
not be regarded as high grade though a similar silver content would 
be regarded as very rich. 

Tin Ore.- -The lodes in Saxony and Bohemia, w'orked from the Middle 
Age.s and so well known mineralogically and geologically, have produced 



AMOUNTS OF METALS IN USEFUL ORE-DEPOSITS 


205 


roughly 100,000 to 125,000 tons of tin, thoiigli tliis pstiniato is not pntiroly 
reliable. Work upon them has now almost entirely cea.sed. Uoriiwall 
inelnding Devon produced from its own ores and during the period LSOl- 
1907 about ()()5,000 tons of tin ; before that time according to one e.stimate 
at least 000,000 tons were produced, while according to another estimate {he 
amount was more than one million. The total production of this disirict 
may in any case be put dowji at from 1-3 to 1-0 million tons; tin', yearly 
production which between the years 1800 and 1890 was almost 10,000 tons, 
has latterly sunk to about 1500. Australia between 1872 and 1907 ju’o- 
duced about 210,000 tons, though the present production is not so high as 
it was in the year 1880. 

Byfar tln^ most irnportaid. occnrrence of tin is that in tin- Straits Settle¬ 
ments including Banka and Billiton. From the dc'posits here included 
1,700,000 tons of tin were won between the years 1821 and 1907, pracficall\' 
all from gravel-deposits. The present yearly [uoductiou, which is stdl 
rising, is about 70,000 tons. 'J'he tin or tin-silver lodes of Bolivia from 
I8S.'J to 1907 produced about 110,000 tons. 

All the.se lignres show that distri<!ts which hav(‘ contained more tluiii 
(me million tons of tin in [(uyable ore are of great raritv. Evu'u such a 
famous old district as that of the Erzgebirge of Saxonv and Bohemia, 
has not produced a (piarter of a million tons. The tin gravels of the 
Straits however, distributed owr districts olti'uwidelyseparate, undoubted I v 
originally contained several million tons of tin. 1 lata regarding the relative 
amounts of tin in tin lodes are given later in the particular section 
de.scribing these lodes, it need only here be ri'inarked that tin in its 
primary dejiosits does not, either absolutely or relatively, occur le.ss 
plentifully' than copper. 

Zoic- and Lead Orea. -TTie data available for estimating the metal 
<piantiti('s pre.sent in the important deposits of the.se ores is very in,sufficient. 
Such estimates conseijuenlly appear only to have bi'cn jiossible with the 
long-known zinc deposits of Sile.sia, the Rhine, Belgium, and Sardinia. 

Nickd Ore. This metal in so far as its u.seful ap])lication is concerned 
is comparatively recent and it is only since t he first half of last century that 
from a mining jioint of view it ha.s iweivcd clo.ser attention. .Arsenical 
nickel ores in lodc,s ajipear so far to be limited to the occurrences at Dillen- 
burg, Dobschau, tSchneeberg, the cobalt lodes in the Zeelrstein. and the new' 
occurrences in the ('olema.n district of t'anada,. On the other hand the 
nickel-jiyrrholite (h'posits in Uanada from 1888 to 1997 jiroduced altogether 
119,000 tons of nickel, and the similar Norwiygian deposits from 1818 to 1907 
about -inoO tons. In addition, from 1879 to 1907, about 75,000 tons were 
[iroduced from the garnici'itc dejiosits of New Caledonia. 

From these and other figures it Inay be said that nickel is rarely found 
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coucontratcd to an amount over 50,000 tons in one payable ore-deposit. 
Even deposits considered relatively large do not contain as mncli as 10,000 
tons. It is indeed striking that nickel in spite of its more or less considerable 
distribution in the basic roc'ks never, or very seldom, forms important 
deposits. In fact it is in general not so well represented in the deposits 
as copper, though the amount of this latter metal distributed throughout 
the solid crust is substantially smaller. 

Cobalt Ore.- TTie ores of this metal usually occur much less 
abundantly in deposits than those of nickel, a relation in harmony with 
the fact that within the earth’s crust cobalt generally has only about 
one-tenth the relative abundance of nickel. While from 100 tons of 
ore, hoisted from many nickel-pyrrhotito deposits now being worked, 
1-25 2 tons of nickel is generally obtained, from 100 tons of cobalt 
ore hoisted from the miiu's at Modum in Norway during the period 
1873-189+ and after deducting the losses in sorting, concentration, 
and smelting, only 0-08 0-1 ton of cobalt resulted. The asbolane 
deposits of New Caledonia, though exact lignres are not available, are 
richer than this. The cobalt content in the, lodes associated with 
the occurrences of co])per slate at Riechelsdorf, Schweina, etc., is also 
low ; and whether the smaltite lodes lately discovered in Canada will fulfil 
the great ex])ectations yet I'emains to be seen. 

Chromium Ore. Details concerniirg the (piantities of this ore in its 
deposits ar(! given when discussing the chi'omite de[)osits. 


The metal recoviwed from 100 tons of ore hoisted, after subtraction 
of all the losses of dressing .and metallurgical treatment, often varies from 
year to year in one and the same mine. With diffenmt mines j)roducing 
ores of the same metal the amount recovered, as alrea.dy demon¬ 
strated in the ease of copjxu', varies greatly. In conse(|uence it is not 
possible to put forward such average figures for the ditfiu'cnt metals as may 
ahvay.s be applicable. The following table giving the usual minimum and 
maximum figures of net yield per 100 tons of ore hoisted, obtained in 
most cases from deposits now being worked, will neviu'theless be found 
interesting: 
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('•ijipor 

'I'ln, troni loflo.*t 

Nickel, ffom )iyrrho(ito . 

(’ohalt, from its arsenides 

Quicksilver 

Silver 

Gold, from lodes . 


:{0t)d oOOO Ions. 

Id 00-25 (K> „ 

HUH) 2d dt) 

15 00 25 00 
0 00 12 00 .. 

I *25 - 2 25 
0 75 1 50 .! 

1-25-200 .. 

O-lO and more 

0 7r>- 1-75 .. 

50 00 -200 00 kK 
1-00- 2-00 „ 
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With some particularly rich (k'i)osits those figures are exceeded, h’or 
iiistaime at Kiirunavaara from 100 tons lioistcd, 96 tons of iron ore and 
approximately GO tons of iron are recovered ; at Alniaden 7 tons of (jiiiek- 
silvcr from 100 tons of ore hoisted. On the other hand theix^ are 
deposits which in conseejnence of particularly favourable conditions 
are still payablt*, though their metal content may be coii.sideraltly below 
the figures mentioiuHl. 

'Pile following statistics of the world's production and the prici's of bln; 
more important metals at dillerent times since the year 1800, form a useful 
supplement to the statements within this chapter. 


WoKI.d’s I’ltolllICTION OK THE MOKE IMl'lUiT.V.NT JIeTALS 



ISIHI 

is'.d ; 

.M irrurc 

isTo 

'Fons 

1 

IS'IO. 

I'KH) 

I'luT. 

In >11 

0 S 1 

1 2 

120 

is.7 i 

1 27 1 

n 0 

51) 1 - 

hvM\ 

i att.ooo 

1.^0,000; 

21)0.000 

ailO.OOO ! 

; .740,000 

s73.<»00 

1)1)0,000 

Zme 

, y 

1 r,.yooo 

120,000 

220.000 i 

: :k70.000 

iso.ooo 

740,000 

Cop|)rl 

f 20,000 

,'>7,000 

110,(MH) 

1.7.7,000 

I 27.7,000 ! 

ll).7,000 

720.000 

rill . 

, 4,000 

10,000 

20.000 

40.000 

.7.7,000 

S.7,000 

100,000 

Ntckul . 

Nil 

KiO 

1 .700 

i 7.70 ' 

2,400 

7,.700 

1 1.000 

Alumnmnii 

Nil 

Nil 

Nil 

1 10 

1 17.7 

7.500 

20,000 

(^lllK.-kslK I t 

: 1,000 

! l.T.')!) 

2,800 

:co.7o 

IkllOO 


a,7i»o- 

SlU.T . . 

SOO 

.SOO 

I.T'iO 

2,500 

4,400 

5,000 

5.000* 

(iokl 

IS 

loo 

lol 

ii;o 

ISI 

:i‘)2 

i)i:c 

I’laliiium . 

V 

o.r) 

2 

:i 

a 

i 5 5 

(d 


I III imllioii toii^. “ I'HIO j I'lo:.. 

Latterly the yearly outputs of some of the more important ores 
have been : 


Inm oru 
Manuancsi' <n(‘ 

('lirniiuiini <n<‘ 

AiNfiiiu (»rc 

Aiiliniony, iml.il 
Wollr-im <n'u . 

\lf)l\ Ixlciium ui'c 

Col).lit. iiK’lal, 111 L'oball (omimiunh 

Kismnth. metal 

Cadnuiim 


som<‘ i:i0,00t>.00(l ton' 
1,000,00(1 ., 
To,000 „ 
la,000 ., 
T.oOU ,. 
;l,0(M) to 1,000 .. 

100 to 200 „ 

100 to 200 ., 

piolbililv 200 

20 „ 


world's jirodiiction of thost' motals which arc more importtmt in 
the manufactures namely, iron, lead, zinc, copper, iind tin, has roiii^hly 
doubled itself fairly reouhirly in pf'riods of about twentv years, tIiou*^h 
with some mettds, eoj)|)er for inst;mc(‘, tin' increase lias of late been at a 
<j;reat(U' rate. A similar rajiid advjiiuM' nmy be assuint'd for the present 
and foilowino; det^tides. With such metals as have more recently found 
application in the mamifactures, nickel Jind iiluminium for instance, the 
advance is and will be more noticetible than with those wliich have long 
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been applied. On the other hand tlio production of silver, .since the <n'eat 
drop iti price in 1893 and 1894, has remained practically constant, which 
since the close of the late \s(>ventie.s has also bet'u tlu^ case with qnic^ksilver. 

Piuens i.N Smr.i.TNcs ]>i.;k Kii.ooham 




ISDi) 

IS7n. 

IHM). 

is'in 

IS'C, 

I'ini) 

I'lii.', 


lion 

0 044 

0 054 

0 <f5t 

0 055 

0 048 

0 045 

0 000 

0-055 

0-055 ; 

Loa.l . 

; 0 

(► 14 

0 57 

0-55 

0 27 

0-21 

0-54 

0 2s 

0-58 1 

/lIK’ 

. OoH 

0 :w 

0 'M\ 

o-5»; 

0 15 

0 20 

0-40 

0 50 

0-17 i 

( 'o)))K l 

1-70 

2 05 

1 10 

1-50 

1 10 

0 88 

1 47 

1-40 

1 70 ' 

Tin 

100 

2 (30 

2 50 

IwO 

1 00 

1-25 

2 GO 

2 80 

5 40 

Xickel 


‘ 8 

8 


4 

2 50 

5-00 

3-25 

5 25 

Aluininniin 



100 


15 

5 00 

2 00 

5 25 

5 25 

QuK-k''il\ <‘i 

0 (H) 

4 25 

\ 75 

5-75 

5.0“ 

5 00 

5 25 

1 25 

4 00 

Silvoi . 

5 so 

IS2 

ISO 

!55 

142 

87 

85 

.82 

80 

I'latinuni 



055 

00(1 

1000 

1 175 

2100 

5000 

5500 


In addition the, follownif; prices ha\i' of late years been j)ai(l for other 
le.ss imjrortant metals and ores : for 1 ke. of inetallie arsenic 1-20 sliillines ; 
1 kf;. antimony 0-70 1 ki;. cadmium 1-0 (i-0: I k”. bismuth 7'0 

15'0 ; 1 kg. native sulphur 0-09 O-IO ; I kg, .suljrhur in jryrite 0-0.32-O-Ol.b ; 
1 kg. of manganese in manganese ore 0-08 0-12; I kg. chrome oxide in 
chromium ore 0-12 0-15 : 1 kg. tungstic acid in wolfram ore 2-0 .3-0 ; 1 kg. 
cobalt in cobalt ore ,b-(> lO-O; 1 kg, molybdenum sulphide in molybdenum 
ore 2-0 3-0 ; 1 kg. of thorium o.xide in moiurzite, sand about 2.7-0 ; aud 
I kg. of rutile 0-00 0-7-7 shilling. These ju-ices are naturally subject to 
considerable yariation. 




I'KMMAllY AND SECONIAVDY DEPTH-ZONES 

Pin.MARV depth-zoiK's ar(‘ ^ii'nctiRiilly connected with the 

phenomena of a deposit’s ori^imd formation ajid dependent npon 
those phenomena. They oriyijiate throuyii cliang<'.s in temperal.nre and 
pres.sure when deposits w'ei'e heme formed lie minenil-bearine .solutions. 
Since, tlie vertical measnreimmts (‘ssentiaf to a dilTerencc of pressure can 
only occur w'ith steeply-inclined deposits, tlie occurrence of such 
jirimary zones is limited to lodes and maynnatic sef^re^ations. With 
lodes the mineral solutions in yri'ater depth naturally were under greater 
]>ressurc than tho.se nearer the surface, while with magmatic deposits 
where the vertical e.vteusion of the still niolten di’jiosit was considerable, 
a separation of the ores in respon.se to ditlerences of pre.ssiire and of 
temperature must likewise have taken jilace. 

Primary ditfenmees in the character of the ore and in the nature of 
the mineral associa.tion are found with manv lodes hidow^ the zones of 
secondary alteration and independent of those zones ; and though in coii.so- 
((uence of the comparatively shallow de])ths to which mining jieiietrates 
the cases where this is established are tew comjiared with those where, this 
ha.s not been possible, these depth-zones are probably fairly general. It ks 
but natural to a.ssume that with temperature and |)re,ssure varving accord¬ 
ing to depth, lodes at a depth of siweral kilometres below I,he surface 
as it existed at the timi' of their formation would have a character (juite 
did'erent Iroiii that which they would possess near that surface. Depths 
of one and a ipiarterto one and a half kilometres below the present surface 
are to-day however seldom reached since b\' far the largest [iroportion of 
development w'ork ujion lodes does not extend to more than one-half, 
three-quarters, or at most one kilometre. 

The occurrences mentioned below' illustrate variations in primary 
deposition. The tin-copper lodes of Porn wall carry eojiper ore in their 
ujiper levels where the country-rock is chiefly slate, and tin ore in their 
lower levels within t-ho granite where copjier ores practically speaking 
no longer occur. 15. von Cotta’ mentions that in the neighbourhood 

‘ Vol. I. p. 128. 

209 


\ OL. I 


P 



210 


OKM-DEI’OSITS 


of Seiflen, that is in the Erzgebirge gneiss, many lodes which carry tin 
in tlieir upper levels become argentiferous copper lodes in depth. In the 

Claiisthal district sphalerite in- 



(■reasi's in depth at ihe expense 
of galena, which latter prepon¬ 
derates in the ujiper levels. No 
sharp bomuhiry howcvi'r exists 
between the two classes of ore, 
one gradually taldng the place 
of the other. It was formerly 
sought to explain the striking 
dillerence between the ore of 
tlie Olanstlial lodi's and that 
at St. Andreasberg as due to 
jiriniary variation m depth, on 
the assumption that the vary¬ 
ing distances of the lodes from 
the granite beiieatli had caused 
corresponding variations in de¬ 
position, tlio granite being 
lurther a.ssumcd in each case 


Fir.. illstlii'l ol Cmini.ill 

Till- lo.t-s 111 aliciiiiK Ill'll -.liil,'-.ill '1 .iK'i tli.ai lillm:.' 


to have suplilied the material. 
As however will be explained 


later the evidence at St. Andreasberg rather ]iomt.s to the secondary 
enrichment of poor previously-cxi.sting silver ores, which cnnchincnt in 
consciucnce of tectonic piicnomena. lias to-dav tlic appearance ol con¬ 
tinuing to iiiinsually gi'cat dipiths. 


Cornbreo Hill 
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'rhe chaime of the ore in depth experienced in the Oberharz may also 
be observed in the lode.s of tlie Jtliine slate country. While formerly lead 
ore chietly was obtained from these, and hut little zinc in de.jitli t c 
proportion between these two has strikingly altered in favour of the 






PRIMARY AND SECONDARY DEPTH-ZONES 


211 


lattor. Below the sphalerite again, in the Castor Mine in the Berg district, 
siderite sot in so quickly that shortly after its first appearance th<‘ di'posit 
became un[iayablc. In this district therefore the so(|iienec of depth-zones 
is lirst galena, then sphalerite, and finally siderite. Tin; sideiite lodes oc¬ 
curring in the Lower Devonian of Siegcj-land carry sulpliides sometimes to 
a considerabh^ e.'ctent, these including chalcopyrite, gahma, and sphalerite. 
Further development has shown that these sulplLid(: ores are limited to 
the upper levuds and that siderite makes its appearance in d(q)th, a (diange 
which in part must also be regarded as nderable to primary disposition. 
In a mine, near Argideze-Oazost, on the north slope of the Pyrenees, galena 
is similarly replaced in dejrth by sphalerite, whih' according to the manage¬ 
ment, above the galena ciissiterite was foi’inerly occasionally found. A 
similar tin gossan has also been observed in the Freiberg district. The 
steeply-inclined cojiper deposits of the Rio Tinto di.strict c.vhibit in the 
primary zone, below the gossan and the enriched zone, a gradual but 
constant decrease in the. copper content, a decrea.se which is probabh' 
connected with the [iiimary deposition. The tin lodes of Bolivia carry a 
good deal of stanniferous pyrite which becomes jioorer in depth, an im¬ 
poverishment which lihewise ajipears to be primary in character. 

S(‘emg that large magmatic segregations occur comparatively .seldom, 
the evidences of such primary variations with this class ot dejiosit are 
meagre. Judging from the figures of production from the nickel-jiyrrhotite 
dejrosit of Sudbury, (,'aiiada, one ot the most important of these occur¬ 
rences, it would a])|)ear that both the copper content a.ud the nickel content 
fluctuate considerably in depth, such fluctuation,s probably being also 
primary. 

Since ]ire.ssure and temperature, which arc regarded as causing these 
variations in primary dejxisition, generally promote the solubility of sub¬ 
stances, those then wdiich are the more (uisily dissolved would .sejiarati' the 
less readily from solution and would con.si'ipicntly be found in the neigh¬ 
bourhood of the surface. This is probably the, reason w'hy minerals which 
form many (‘asilv .soluble compounds a,re found in (he upper levels. Again, 
differences in the filling of dopo.sits, such as may be referred to change of 
tciiijieraturc aiul pressure, may make theniseives evident not only in the 
particular ores deposited but also in the internal structure of the di'posit. 

Rrimary depth-zones are naturally often connected with impoverish¬ 
ment or enrichment. Nor arc they confined e.xclusi\-ely to the on', 
they occur also with the gauguc, although the observations in this con¬ 
nection have so far been few^ Falcitc for instance in some districts is 
found to a large extent above, and quartz below'. lu many cases ore in 
the upper levels passe.s over to gangue in greater depth, an occurrence 
t.o be described as primary. Examples of this occur with the copper and 
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cobalt lodes at Kamsdorf which regularly become poor when leaving the 
Zeohstein loi'ination to enter the Oulm where they contain gangue only. 
The tnangaiK'se lodc.s at lli'eld pass to baritt; v('in,s in depth while those at 
ISIgersburg similarly often change their manganese content to ha'matitc. 

In establishing the vertical sequence ol 2 »rimary deposition the figures 
of output over long years are often useful when care is taken that only 
those quantities are coni])arcd which really do follow one another down 
along the lode-plane. 

When a fissure has been opened more than once it might well ha[)pen 
that th(! ininei'als fir.st deposited become sii|)plantcd by others and 
the appearance of {jrimary variation is falsely presented, liornhardt 
for instance showed that with the lodes in Siegerland the, quartz, is younger 
than the siderite w'hich it has jjartly replaced. Since the solutions con¬ 
taining th(‘ .silica came from de])th, the d('iiosition of (ptartz is often most 
noticeable in de])th and when siiicufication is complete (juartz follows 
siderite like one depth-zone after another though )ione such exists. 

In consequence of the comparatively shallow de[)th to which mining 
penetrates it has not V(>t been possible to evolve regular laws for these 
variations in jirimiiry dejiosition. It must also be remembered that the 
surface in any mineral district to-day is comsidcrably lower than that 
which existed when the lode.s were being formed. 

Ore-beds on account of their small vertical extent ])resent as a rule 
but few opportunities for the observance of primary variation in deposition. 
The differenci' between the oi’e cairied in the hanging-wall poi'tion of the 
jiyrite bed at Ilammelsberg and that of the foot-wall, illustrated in Pig. 
Jfil, may however be regarded as primary and probably as resulting 
from a difference in the composition of the solution. 

Secondary depth-zones are those zones formed at different horizons 
below the .surlace by subsequent alteration of the nraterial of the jiriinary 
deposit though otherwise indejrendent of the primary dejrosition. 'They 
consist in the chemical alteration of the, ujrper |)ortion of an onr-deposit 
to arr oxiilation zone and to a cementation zone. 

Where a dciiosit of whatever origin comes to the. surface it is attacked 
by the jirocesses of weathering ever active there, the effective agents of 
decomposition being the oxygen ami carbonic, acid of the atinosjrhere 
and of the surface water, this latter containing various salts and other 
acids in addition. Some ores, as for instance magnetite, specularitc, 
ca.ssiteritc, etc., are, extremely resistant; others, [larticularly the suijrliide 
ores and siderite, readily decomjrose and their decomposition products 
in consequence arc those rrrost noticed in ore-deposits. In many cases 
this action of the surface agencies extend.s deeper than the gossan or 
oxidation zone, in that the descending solutions dejiosit again in a 
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position below tlie metal which tliey loaclicd above. Below the oxida¬ 
tion zone therefore, wliieh rejm’sents a zone of leachiiif;, another may bo 
recognized in whieli precipitation occurs. Tins is termed the cementation 
zone. 

'J’he depth to which the action of the surface agencies extemls varies 
greatly, ft depends not only npon the greater or le.ss rc.sistance wliicli the 
deposit ofl'e.rs to deoom[)osition but also upon the contour of the di.stric.t 
and more completidy still upon the climate and the level of the ground- 
wat(n’. Above this level a continual movement of air and water take.s 
place and decomposition i.s consequently greatest there. Since erosion is 
ever levelling the surface, the products of this decompo.sition are not ahva.ys 
and everywhere retained in position. Should the (dfect of ero.sion more 
than counterbalance that of decomposition the products of the latter are 
at once removed and the orc-de])osit appears at the surface in its original 
ju'imary condition. If erosion lx; less rajtid than decomposition then in 
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the (^isc of evf'ry deposit readily attacked, a ceitain depth which has sur- 
render(Hl to the forces of alteration becomes retained as the oxidation and 
cementation zones. 

In regions of intcn.se glaciation any weathered zones previouslv formed 
usually become I'emovcd by ice movamient. In iScandiiiavia. for instance, 
\\h(‘r(‘ during the Diluvial period the surface was woj'ii down by ice, the 
occuri'ciKs's of magnetite and haunatite have a weatluu'cd skin often so 
thin as to be measured in inches, while even the easily decomjjosable ])yril.e 
dejiosits there have a gossan which where most pronounced is oidv a 
few metres deep. The same observations may be made in other districts 
such as the Pyrenees which have similarly suffered from the action of ice. 
On the other hand in countrieswhere the climatic conditionsfavour weather- 
ing, depo.sits generally show well-didined zones of alteration. The pvrite 
deposits of the south of S])aiu have a gossan which gcnci'ally cont.inues 
10 m. but often from 15 to 10 m. below the surface, below which again the 
cementation zone continues for some depth. In Sicgcrland the sidorite 
lodes are in greater part altered to limonite to a depth of GO m. and more. 
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In other countries witii deeply-cut valleys and whore deposits of iron, 
copper, lead, etc., occur, the phenomena of alteration are often found to 
extend in depth even to several hundred metres. Most pronounced 
exainjiles of deep weathcriuir are afforded by the copjier lodi's of Butte, 
Montana, the deposits in t'liili, in tlie Urals, in Arizona, and by the lead- 
silver deposits of I'lureka in Nevada. 

The rich ores of the oenientation zoiu? are usually jiresent in amount 
so much the greater as the proce.sses of oxidation and leaching in the upper 
portions of the deposit were the more inteus<'. From this ('xperience 
arises tin; miners' jiroverb which says ‘ For a lode iiotliing is better than 
that it should have a good iron hat.' 

Tlic alterations which bring about the migration of the metal content 
are iir part of a complicaited initure. In some cases minerals arc', psc'udo- 
morphically tran.sformed, thus jcyrite or siderite into limonitec; galena 
into angle.sito, etc. More often however some of their constituents go into 
solution, chietly as sulphates, in which condition tlucy become, removed 
to be subsequently dc'posited at some other jjlaccc more or less distant. 
Bv this removal the, ganguci usually becomes loose, |)orous, spongy, or 
e\’en somewhat brecciatcd, in a manner to rwidcr the subsc'qnent operation 
of mining considerably more easy. In addition it often hapjiens that it 
is the less valuable constituents, such as the suli)hur with gold lodes, 
which are thus removed, the origiiud .sulphid('. on^s thereby becoming 
changed to the more easily treated oxides, carbonates, chlorid<‘s, etc., or 
ev'cn to the metallic condition. Native gold is accordingly often found 
in the secondary zones of auriferous dejaisits whereas in the juimary zone, 
it is more often associated with pyrite. With silver- or lead-silv'cr lodes 
again, the .sulphide ores in the primary zone are often so intimately inter- 
grown as to bo difficult to treat, whereas the weatlK'i'ed zones on the other 
hand are found to contain cerargyrite, native, silver, e,('russite, etc. With 
many cojiper depo.sits tlie .sulphide ores in depth ari! disseminated through¬ 
out a larger amount of pyi-ife too poor to w'ork, wlau'eas nearer tbc surface 
carbonates, oxides, and native cop]ier. oc(;ur freed from the iron which in 
greater part has Ix'en remosed or ri'-de[iosit,ed separately. For zinc ores 
the occurrence, in Ujip<-r ISilesia where wliite and red sniithsonite in the 
oxidation zone repre.sent sphalerite in depth, is characterislic. W ith nianv 
of these metasoinatic zinc deposits oidv the oxidation zone is payable, 
the sulpliide ores of the yirimary zone being too poor to woik. 

The oecnrreuce of large bodies of ore in the, alleiution zones of deposits 
wliich in the primary zone,in striking contrast theretn,exhihit a disap|)oint- 
ingly low metal content, may in many cases only he, ex|dained u])on the 
a,s,sumption tliat the metal in tho.se ore-hodies lias migrated from a con¬ 
siderable depth of deposit since eroded. Or in other words it may be said 
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thiit tins dosocnt of the metals in solution on the one hand and the continual 
removal of the leached portions of a deposit by erosion on the other, may 
result to-day in the concentration within a small vertical measurement 
near tlu! surface of considerable ipiantities of metal which were originally 
distributed more, or loss regularly throughout a very coiisiderabh' greater 
depth previously existing but now eroded. The, zones of alteration may 
therefore bo of great economic importance though in this connection the 
oxidation zone must be separated from that of cementation. While in the 
oxidation zone the occurrence of rich jioc.kets of oxide ores is frequent, it 
is only with the nuh,asomatic lead-zinc depo.sits that the material of this zone 
constitutes the chief object of miniug. The exploitation of the cementa¬ 
tion zone however frequently of itself consHtutes a pi’ofitable, undertaking. 
The famous old rich silver deposits of I’otosi, Oruro, etc., in Eolivia ; of 
Pasco in Ihu'u ; Clianarcillo, etc., in f'liili; the, deposits of Ouanajuaro, 
Zacatecas, etc., in Mexi(S); ol Broken Hill in New South Wales; the copper- 
•silver deposits of Rutte, in ]\louta,na ; the cojijjcr de|)osits of Arizona and 
of the, Ui'als, all owe, their importance in greater part to accumulations 
of ore ill the zones of alteration. 

In the following paragraphs dilferent raises of alteration are discussed. 

Biderite changes sometimes to limonite when a diminution ol volume 
to the extent of lO-.o per cent talo's place, and sometimes to Inematite. 
It is howi'vi'r worthy of remark that pseudomor[)hs of the.sc two mineral,s 
after sidiu'ite, which show no sign of diminution in volume, have often 
been found at Bilbao, Biegen, and elsewhere. At other places sideritc 
becomes di.ssolved by carbonic, acid in solution, the iron becoming after¬ 
wards ))reri|iitated either by oxiihition or by the escape, of free carbonic 
acid. In this way limonite may be deposited in one place and uiangauese 
ore in another, though in the original sideritc both metals W'crc. in the 
closest association. Clean mang.inese-iron ore may therefore often be 
present in the go.s.san of such dejiosits though the original sideritc may 
only have contained .5-7 per cent of manganese. Bolution and sub¬ 
sequent |)recipitation of iron in (his manner gives rise to drusy cavities 
and stalactites of limonite, such ore in con,sequence often showing a 
reniform struct,nre, that is one of concentric shells with an internal radial 
structure. 

J'yrite upon decomposition generally forms limonite or some other iron 
ore, hut sometimes ferric, sulphate, which pa.ssing into solution exerts in 
its turn a solvinit action iqion many sulphide ores and particularly those 
of co|>|)er: ferric sulphate, as previously mentioned in the chapter on 
mineral formation, akso dis.solves native silver and gold. In this way in 
the, huge jiyi'ite depo.sits of the .south of Bpain the copper near the surface 
together with the accompanying small amount ol gold and silver became 
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leached and, after a descent during which an}^ remaining oxygen was con¬ 
sumed, deposited again at the contact of the gossan and the pyrite 
beneatli, as the result of the reducing effect of that ])yrite. This 
occurrence is illustrated in Fig. 12. In the lower [)ortions of the gossan 
of these deposits native sulphur is also occasionally found, its presence 
being explained by the formula: Fe.„(SO|)^-f CuS = 2FeSO^ + CuSOj-f S. 
Below the gossan, copper both from the gossar. as well as from the portion 
of the original deposit which has been eroded, becomes deposited in the 
zone of cementation which is therefore always the richest portion of 
these deposits. The decrease in the copper content which is noticeable 
at depths of 150 ,'fOO m. or well under the ground-water level, is how¬ 
ever ))robably rightly regarded as ])rimary in character. 

With the copper deposits of Butte in Montana, which are quartz 
lodes carrying argentiferous pyrite and chalcopvrite as the )irinuxry ores, 
the copper in greater part is leached from the outcro)) down to a de|)th 
of 100 m. more or h'ss, so that these lodes at first were worked for silver. 
Afterwards below' this zone very rich co])])er ore consisting cbielly of 
chalcocitc and bornitc was found, in which the copper leached ft'oin the 
silver zone above was to a great extent concentrated. Such an occurrence 
is termed by American investigators ‘ sulj)hidic (>urichnient.’ Primary 
ore in these lodes at Butte was first encountered below anil often consider¬ 
ably bi'low the ground-wafer level, an ajrpearance probably consequent 
u[)on sub.sequent tectonic alteration of that lev'el. 

At Ducktown in Tennessee, where the primary oi'c is pyi'rliotite, a 
typical gossan is found near the, surface, ilelow this however, very rich 
copper ore consisting chiefly of chalcocitc and cuprite occurs forming an 
enriched zone w'liich contains not only the primary copper but also much 
of that leached from the u])per jiortions of the deposit. 

IVhere solutions containing carbonic, acid are in active circulafion or 
where limestone or dolomite form the countiy-rock, azurite, malachite, 
cuprite, tenorite, chrysocolla, etc., occur in considerable amount as the 
jji'oducts of the alteration of copper depo.sit.s, as for instance in Arizona, 
in the Urals, at ('hessy near Lyon, and at Burra Burra in South 
Australia. 

With the tin-copper lodes of Cornwall also, the copper is in greater 
part leached from the gos.san. In the primary ore, immediately below 
this, copper ores occur with but little tin, and then again in greater depth, 
and as a part of the ])riniary diqio.ution, tin ores w'ith but little, cop})er. 
In working these lodes three stages have consequently been noted : the 
first during which the mines were worked for the iron ami tin in the gossan ; 
the second when the mines were worked almost entirely for coppi'r ; and 
the third when in greater depth tin almost exclusively was produced. 
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Tho till lodes at Mount Blschoff in Tasmania were also capped by a gossan 
which was there spoken of as the ‘ Brown Face ’ (Fig. l(l.o). 

The tin of the tin-silver lodes of Bolivia, in so far as i(. exists as cas- 
sitcrite, suffers no removal dining decomposition of the lodes near the 



.surface; that however which occurs in stannine ;;oes, together with the 
silver, to eniieli the cementation zone, while the, iron of the pvrite is 
removed. According to Stelzner ' the so-called wood-tin, which hitherto 
has only been m(‘t in the upjier levels ol tin lodes in Cornwall, Bolivia, etc., 
and in gra.vcl-de])osits, is a decomposition product from stanniferous 
pyrite and stannine. 


Zc/t f junU (h'ol, 1807. 
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Galena ia weafcherinn; <’onerally becomes altered to tlie sulphate, 
anglesito, tlioiigli when carbonic acid is present the dillicultly soluble car¬ 
bonate, cernssito, is forinoil. l'’yromorj)lutc the j)hosjibatc and miinetite 
the arsenate, occur h'ss fretpiently. 

Splialerito weathers ciiiedy to the carbonate, sinidisonito, and less 
frequently to tlie hydrous carbonate, liydrozincite, or the silicates, henii- 
inorphite and willcmite. Such a chanp;o as was mentioned on p. 211 is 
in fact an enrieliinent so that with metasomatic lead-zinc deposits the 
oxidation zone may be payable though tlu' j)riraary zone may have but a 
low metal content.. Any jn'iitc ])resent bocoines 
changed at the same time to liniontito. 

The decomposition of arsenic ores gruierally 
produces arsenates, such for instance as erythrite 
from smaltite ; annabergite from chloanthite ; 
and in addition arsenolitc from realgar and or- 
j)imciit. Those arsimic ores however which are 
associaterl with a considerable iron contiuit be¬ 
come decomposed in a manner similar to pyrite,; 
the iron becomes separated as oxide or 
hydrate, while the ar.senic and sulphur are in 
gnuitor part removed, if gold Ix' associated with 
arsenopyrite, as at llussdorf in Silesia, this be¬ 
comes leached from the oxidation zone to b(‘. 
depo.sited in the cementation zojic beneath, 
below which again the. ju'iniary ore poor in gold 
is found, h'rom tht‘ sulphide; antimony ores 
sometimes antinionatcs arc fornu'd and some¬ 
times valcntinite, senarmontite and ])>K).stibite. 

Compounds of bismuth, wolfra.m, vana.dium, 
chromium, and molybdenum, arc less often found in the gossan, though 
the lead-wolframati', stolzitc ; tin; lead-chromate,(U'oeoisite ; and the lead- 
molybdat.e, wulhmit.;;, perhaps deserve mention. The, .iuljdiatcs, chlorides, 
etc., are also not of common occm rcuce. It in addition it be. added that 
where the original minerals or the surface, w’aters contained but a small 
amount of phos))hori(! acid or uranium, tin; phosphates and uranates of 
the heavy metals, as for instanci; pvromorphite, kakoxen, maiiium-ochre, 
and uranium-mica are formed, it becomes evidemt that the gossan or 
oxidation zone of ore-deposits contains a greater variety of mini;ra.la than 
the other zones. 

The phmtiful occurrence of the chlorhh;, bromide, and iodide of silver 
as well as metallic; silver in the, many famous silver deposits in Chili, 
Bolivia, I’eru, Mexico, and iji the desert regions of the Rocky .Mountains 
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and of tlu! Sierra Nevada, as well as in many oases in Australia, lias liccn 
attributed by some antliorif ies' to tlie entry of sea-watci' along fissures 
and lodes. Tn siipimrt of this view it i.s quoted tliat at (‘hanarcillo the 
relative jiroportion.s of elilorine, bromim'.and iodine in the lode.s i.s t lie same 
a.s that obtaining in .sea-water. Again.st this however Penrose^ mentions 
tli(‘ fact tliat ill almo.st ail the above ca.ses the outerops are in the neighhour- 
liood of saline lakes or mai'she,s and that these lia,logons are conseipiimtly 
derived from surface salts, lie refers also to the nccurrciiee of the basic 
copper chloride, atacamite, at the outcrop of the suljdiide ciqiper lodes in 
the Atacama de.scrt. The small amount of .silver chloride occurring as 
cerargyrite in the U|)])er jiortions of the hhiropean silver lodes, at hreiberg, 
Johaiingcorgenstadt, Koiigsberg, etc., i.s siitlicieiitly e\'|ilaiiied bv the 
sodium chloride in the ordinaiy drainage water, lii places elsewhcie 
large accuiiiulatioiis of the chloride, such for instance as tho.si' at Bioken 
Ihil, may also be explained in this manner. Ajiart from the totally 
dillereut character of the ores in the depo.sits just mentioned these occur¬ 
rences dilTer also from those on the west coast of .South America in that, 
they are unaccompanied by the coiTes[)onding compounds with bromiiie and 
iodine. t)f these .silver ores in Bolivia, varieties termed paces, mulattos, 
and uegrillos, are dilTerentiated. The first are the greatly decomposed 
and ])artly chloridi/.ed o.xidation ores which occur in great quantity in the 
deposits of Potosi, Oruro, etc. ; the last are the dark uiidecomposed 
sulphides from depth ; while the mulattos rcpre.seut the ores intermediate 
between those two. 

With auriferous dcjiosits the ])henomena of ilecomposition are jiarticii- 
larly important. Where telluride gold ores mvist in depth, weathering 
when given full |ila}- so effects their destruction that, near the surface 
only metallic gold a]q)ears. This is the case in Western Australia, ( ri|iplc 
Creek, and in occurrences in the llocky Mountaius. The tellurium is 
usually completi'ly removed or retained only to a small e.xtent in such 
secondary minerais as tellurite d'eO.,, diirdeiiite l'V(TeO,), + 111 ,Ou I eO.,, 
ferro-tidliiiite, and magnohte Ug.Tct),. etc. The tellurides aiipavently are 
readily decoiiqiosed. Tii those districts therefore wliere they come uu- 
de,comi)o.sed to tin- surface, as at Nagyag in the Siebenlnirgeii, at 
Ilauraki in New Zealand, etc., it is ]irobably the case that the o.\idati(m 
zone within recent geological time has been eroded. The particularly 
remarkable fact, that, with these auriferous telluride dejiosits, there is no 
enrichment in the zone, of ceiiieiifation i.s discus.sed later iii the c.luqitei' 
dealing with those lodes. 

' .MiK'slii. Vrhci ihis t’oHoiiimcii iln Clilnr . iniil .!hr^-uiuh i)H 

(-'lull 

■ ‘Tlie Suiicilicii.l of tlie Ole- Di-posiln,' Joiini uj (leol ll , IS'.O 



220 


ORE-DEPOSITS 


Witli the ordinary sulphide f^old deposits these beiu" those quartz 
lodes or beds wliere in the primary ore the gold is almost exclusively associ¬ 
ated with sulphides -the gold occurs in the gossan in the free state, con¬ 
stituting what is known as free-milling ore, that is to say, ore from wliich 
the gold can be won by simple amalgamation. Below this zone, which in 
consequence of leaching is generally poorer than the ])rimary zone, there is 
a zone of enrichment in which the gold leached from the portion of the 
deposit still existing above as well as from that long since eroded, becomes 
precipitated bv the primary undccomjiosed sulphides. The native gold 
of crystalliiu! character found plentifully in isolat(‘d placies upon the Wit- 
watensrand mis doubtless formed in this manner. J. K. Don also exjilains 
the frequent occurrence of large masst's of metallic gold in the rq)|)<'r 
portions of many Australian lodes in this maimer, ft is worthy of note 
that such re-deposited gold contains less silver than the gold from the 
primary or(‘. in rare cases a relative enrichment in the oxidation zone 
may occur by the decomposition and removal of the pyrite. without the 
concomitant solution of the gold. 

From these considerations of the secondary de[)th-zonos the follow'- 
ing generalization may be madi'. I\diere deposits of whatever genesis 
come to the surface atmospheric waters |)enetrating into them produce 
by their jiower of solution .some, migration of the, metal content. The 
metals go into solution chiefly as carbonates, sulphates, and chlorides, and 
while some of them in this manner become transferred to greater ilepth, 
others imnualiatelv become precipitated near the surface forming there 
the ores characteristic of the (ixidation zone. Almost all ore-deposits 
contain iron in considerable amount as pyrite, and as iron in the presence 
of oxygen is difficult to keep in solution, this metal becomes precipitated 
more quickly than most of the otlnu-s. An enrichment of iron therefore 
takes place in many cases at the. surface, .sometimes to such an extent 
that the occurrence is termed the iron cap or gos.san of the dejiosit. Eyen 
where the amount of iron so precipitated is small its brown colour is 
always plainly to be seen in the fractures and craclcs where oxidation 
has been active. 

That [lortion of the heavy metals which does not thus become fixed 
in the oxidation zone descends in solution till it is iirecipitated by the 
reducing effect of the primary sulphides in the ccmcntat.ion zone, either 
in the metallic form or in that of rich .sulphides; those metals wdiich have 
little allinitv for oxygen, such as gold, .silver, copper, etc., become, precipi¬ 
tated in metallic form while among the sulphides those of cojipet and 
silver are the more important. In this ciunentation zone not only may 
the metal wdiich was formerly in the oxidation zone bo concentrated but 
also that which existed in that larger portion of the deposit which since it 
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was first formod has surrendered to erosion. On account of their richness 
the ores whicli characterize tliis zone are very important. They have 
already been given in the chapter on ore.s. Below this cementation zone 
follows the primary zone. These three zones, o.xidation, cementation, 
and primary deposition, contain ores .so diilerent in character and metal 
content and so various in amount that each demands a separati; in¬ 
vestigation and a separate estimation of the metal quantities. 

The lower limit to the alteration zones may vary but where the pheno¬ 
mena of dccomjio.sition by surface agencies arc simple and comjilete it stops 
at the ground-water level, f'hcse phenomena arc not of necessity present 
with every ore-deposit. They demand not only a certain minimum of 
rainfall but also a certain relation of erosion to the advance of the chemical- 
geological changes. When for instance erosion proceeds more energetic¬ 
ally than chemical alti'ration no alteration zone remains to mark' the latter. 
This Is the case wdicn the rocks are young and di.siiitegration easy ; under 
such conditions the ore-diqiosit may appear at the surface in its primaly 
condition. When on the other hand erosion lags behind, then a complete 
jirofile of theo.xidation and cementation zonesmavremain above thejirimarv 
ore or at least some [lortion of the ('(‘mentation zone will be jire.sent. 
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1. Riilycx. Till' (liltoronco in hardness between the material of a dejiosit 
and the countrv-rock has at times much to do with the exjiression of 
a deposit at the surface. When the dcpo.sit as often hajipeus consi.sts 
chiefly of (piartz, it is f^eiierally harder than the iieiehboui iin; rock so 
that in eouseijueuee it forms a more or less pronounced wall or ridge. 
Laterite and surface detritus not only tend to hide such ridges but when 
they occur to any e.xte.nt they protect the deposit from further de.struc- 
tion. Should the ore-depo.sit be softer than the (•ouniry-rock or should 
it on account of shattering bo less resi.stant to erosion, the course of such 
a deposit become.s marked ou the surface by a furrow, on either side, of 
wliich the country-rock forms a ridge. The most unfavourable case is 
when the, deposit and the country-rock have appro.\imatelv the same 
hardness, when no mdication based on prominence or depression can exist. 
Most of the young gold-.silver lodes and those, sulphide lead-zinc deposits, 
which form e.om])osit,e lodes in slate country, are thus circurn.stanced. 

2. CohuriiKj. -The oxide compounds, partii'iilarly of many heavy 
metals such as those of iron, copper, and nickel, po.ssess striking colours. 
Many ores contain iron either as a |irineipal coirstitiient as in pyrite, or 
accessory as in galena a.nd .sphalerite. The, elfect of surface agencies 
upon such ores is to produce feme hydrate or ferric oxide, so l,hat at the 
surface the ore, may be changed into a highly ferruginous mass, the go.ssa-u, 
distinguishable from the country-rock by its brown or red colour. 

.Should the primary dcpo.sit contain sulph-arseuical cobalt and nickel 
ores, these by weathering become altered to the more simple arsenides 
which arc distinguished by their red and green colour resjiectively. 
If copper bo contained, then the green carbonate, malachite, the 
blue carbonate, azurite, or the blue-green silicate, clirysocolla, may be 
formed. With many deposits also, the colour of the ores themselves is 
noticeably different, from that of the country-rock. Metasomatic deposits 
of limonite and bauxite in limestone areas may be recognized by their 
colour, even at a distance, when the vegetation is not too thick. 

•m 
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3. AUendant Fanltin ;].—In those frequent eases wliero an orc-dejiosit 
is at the same time a fault eausiiin; a lateral disloeation of the beds |)r(‘S(mt, 
the. course of the. deposit may he determined witliout the lielji of any other 
indication by plotting thos(! beds which ar(i easily distinguishabh! I'ithei' 
by their petrographical characteristic's or by the fossils thcjy conta.iii. A 
reliable tojcograjchical map or sketch is necessary and the objc'ct in view 
must be realized when the plcrtting is being made. This jdotting imcthod 
is particularly valuable in those, cases where the, lodes carry ore, oidy in 
dcipth. The sulph-arseniccal nickel-eccbalt lodc's in the Zechstein contain 
nickel and cobalt ores chiefly betweeji the two terminals of the Kiipfer- 
fichiifer which they displace. Where the surface is occupied by yoimger 
Zechstein or perhaps even by Trias no indication of ore mav be observecl, 
where these lodes outcroj) and the eoloiirs associated with nickel and cobalt 
are imtirely wanting; the course of the, lode may nevertlic'less be determined 
by careful jilotting. 

I. Sprin(/s. All dejMisits, and es|)ecially tho.se which at the .same time 
are aeeompaiiied by faulting, form excellent channels for the eireulalion 
of underground and spring water. In conseepnmee sjirings and water- 
issues in many cases are good jxiinters to follow when ju'ospeeting. 
Moist s])ols covered with bright-green vegetation on a slope otherwise 
dry deserve close examination, especially if they are seen to maintain 
a good line. Hucli occurrences mav be observed at the outcrop of manv 
of the lodes in the Harz. 

5. I'h/nt.v.--Some plants need ceitain metal-salts for tlieir proper 
grovx'th and develo]mient; others when they take up certain salts show 
eharaeteristic changes in leaf and llower. These facts mav in suitable 
cireumslane.es be found of ii.se in jiieking up the course of a lode. The 
violet, I'm/o, Lull'd viir. Ciihiiiiuiaria which grows U])on zinc deposits ; the 
butterfly llower, Atuorpha i'aiicsccns Null., which grows on clayey jilumb- 
iferous soil in Mi.ssouri ; and a elovw Vuhjcurpucu Fpiroslijlin by name, 
which grows on cupriferous soil in (jueenshuul and the ashes of which 
contain eopjier, are, examples of this peenliantv. Other inllnenees which 
lodes in their course ajijwrently have ujion vegetation may be ascribed 
in greater jiart to the nature of the water carried in the fissure or to the 
poverty of the lode material in nourishment for jilants. 

(). Frmimcnln of Ore in, Ihc Siirfare Dcirilu.s, Fragments of ore, and 
of lode material are generally found a,long most d(‘posits. A lode with 
greater hardness than t.he enclosing lock gradually forms a proji'cting rvall 
which eventually breaks, distributing ils fragments within a long narrow 
width along its course. This occurrence could be seen a few' years 
ago with many lodes in the neighbourhood of Fclsiibanya in Hungary, and 
with the deposits of lead ore at Ziegenhals in the Taunus. Such fragments 
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are generally arranged as a zone parallel to the strike of the lode and 
cJii(dly on the foot-wall side. A prospecting trench made at right anghts 
to this direction anil, when tin' dip of the lode is not known, continued far 
cnotigh on each side, will gimeraily result in the discovery of the deposit. 

Such fragments may b(! carried by streams or landslides dowji to the 
valleys, tliero to undergo concentration by watei'. When seeking the 
deposit from which such fragments came, it must be kept in mind that this 
must lie upstream from or above the highest point of discovery of the |heccs. 
Similarly, it fragments or pieces are found in the surface detritus upon a 
slope, the deposit from whicfi they were, derived must also be sought abov(‘ 
the. place where, they were fomul. If fragments of a deposit occur scattered 
in hiterite it may be reckoned with fair certainty that th(! origina.1 dejmsit 
is not far distant, .since the rock pieces found in hiterite come, in greater 
part from tln^ country in the immediate neighbourhood. Cases occur, 
though loss freipiently, where the easily deiiomposed and easily transjrorted 
constituents of a deposit, generally the non-metallic. jiortiojis, have been 
removed while the heavy constituents have si'ttled down upon the original 
deposit. 

7. Magiivlism of the Minendti. The magnetic pro|)ertie.s of certain 
minerals .sometimes provide a valuable means of tracing and following 
depo.sits not yet com|)letely developed. 'I'his method of search i.s 
termed magnetic prospecting, the princi]ile of whiidi is ba,se<l upon the 
determination of the amou.it of deviation which a magnetic needle 
undergoes at different distances from a deposit or in response to deposits 
of different ma.ss. The mea,si!re of this deviation serves not only to 
indicate, the pre.sence of a de])osit but gives also a good idea of its disposition 
and size. Naturally only such ores ca-n in this manner be demonstrated 
to be present as exert a considerable inlfuence ujion the magnetic, needle, 
and in consequence magnetic prosjiecting finds its greatest ap])lication 
with iron ores and espeiially with magnetite. 

The most simiilc instrument to use in such pros|)ecling is the ordinary 
miner's conqia.ss so arranged that it may not only swing horizontally but 
vcrticallv. The area to be jirospected is then laid out in small sipiarcs 
marked at the corners by wooden pegs. The amount of di eiatioii is ob.served 
at each of these corners and entered n|)on a |)lan till finally in this way 
zones of greater, medium, and le.ss deviation, become determined. Kor 
more exact investigation the instrument known as the '1,'iberg clinometer 
is used. With this instrument the magnetism of the earth both in its 
vertical and horizontal comiionents is eliminated so that any inclination 
of the magnetic needle is caused solely by the vertical component of the 
deposit’s magnetism. To determine the horizontal component the magnetic 
corrector of Thalens is employed. These methods which originated in 
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Sweden have been employed both in that country and in Norway with 
excellent results in the investigation of magnetio deposits, partioidarly 
those rich in magnetite. 

The electric properties of deposits may also be used in prospee.ling 
on the surface. Since generally S])eaking the material of a de])osit differs 
more or less in composition from that of the country-rook, an oreolej)osit 
offers either I'esistance or conductivity to the electric current.s .streaming 
within the earth’s mass at that point. Most ores are better conductors 
than the rooks enclosing them and the changing intensity in the ticking 
of an induction apparatus, the current of which is led to earth, may there¬ 
fore be, of service in the search for deposits; the ticking is louder 
the greater the resistance. Since however the material of an ore-deposit 
can only make itself felt as a greater or as a lesser resistance, and 
this resistance is only indirectly dependent upon the juesence of ore, this 
property of an ore-deposit can but seldom be of much service in 
ju'ospecting. A fissure filled with water or a bed din’ering materially 
from the others among which it lies would indeed produce the same 
effect. From exjierience hitherto it may therefore be said that the idec- 
trical conductivity of an ore-dejio.sit can only come into que.stion in 
prospecting when such a deposit occurs regularly in a formation from 
which both petrographically and with respect to its cheniical-jihysical 
projierties, it differs materially. 

d. Old, WorlirH/s. In all large mining ri'gions whiidi have been known 
and worked for ago.s several distinct ])eriod.s may geiierallv be recognized. 
During the earliest the gossan ores and those of the cementation zone were 
won, as fur as the primitive means and the arts of mining and metallurgy 
then allowed. Work then was generally stopped at ground-water level, 
till later an advance in mining technology allowed a second attack to be 
made upon that deeper portion for which the new cipiijunent was 
ade((nate. These old workings now make themselves evident on surface 
chiefly as subsidences produced either by the collapse of old shafts or a.ir- 
luilos, or by that of old stopes. 

A careful survey of these will in most cases give a good idea of f he 
extent of the deposit beneath and at the same time of the disturbances 
to which it has been subjected. With undi.sturbed occurnmees, whether 
lode or bed, and with regular distribution of the metal content, the old 
workings form a long unbroken series. Where on the other hand a deposit 
is interrupted by transverse faults the. resultant lateral dislocations are 
also disclosed by the broken line of these old workings. If faults were 
numerous, or if the distribution of the ore were so irregular that the ancients 
mined the better parts only, the disposition of the old workings on surface 
w'ould reproduce the same lack of regularity. 

VOL. I Q 
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Since the ancients, in consequence of the inucii higher prices formerly 
ruling for the noble metals, searched the surface most (annpletely, the 
old workings, csp(!cially in cases of large lateral dislocation of important 
deposits, are a very important and reliable guide when so^arching for the 
continuation of an occurrence. 
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Thu classification of ore-deposits has liitherco been based upon most 
varied principles, namely : 

1. Upon moipholoffy, that is form, outline, or extension. 

2. Upon content, on the basis of the characteristic constituent. 

3. Upon genesis, according to the views of genesis held at the time. 

The jnirely emjiirical classification based upon morphology is simple 
for the jiracticid miner who arranges his method of working ujion the same 
basis. This system in consequence is much advocated even to-day in 
text-books on mining; for instance by Gallon, Neve Foster, Lottner-Serlo, 
Kohler, etc. Scientifically however it cannot be di'fended because it 
lays the greatest importance upon but the external properties of a depo.sit. 
The classification according to content, giving prominence to the most 
important metal jiresent, econoniioally speaking, is in many senses a good 
artangemciit. esjiecially from the point of view of metallurgy and 
political economy ; it however takes no account of the geological jiosition 
of the deposit. .4 classification based entirely upon genesis is without 
doubt the most scientific and the best principled. It encounters however 
even to-day great difficulty in that the origin of many de])osits remains 
conijiletcly obscure. ISefore giving the cla.s.silication which the authors 
consider embrace.s all the present-known circumstances and projierties 
of deposits, and in order to provide a basis for the more detailed treatment 
of the subject, an historical review of the subject is first given. 

Attempts at classification are to be found in the very oldest 
text-books on mining and geology. These attempts however varied 
they might be, almost all put forward a grouping in which morphology 
alone was considered. Werner in 1791 e.xceptionally divided the ore- 
deposits into (a) those contemporaneous with the country-rock, and (/;) 
those formed later, providing thereby the first classificailion based on 
genetic principles. T'he lirst iiidejiendeiit course upon the study of (kqiosits 
originated with Waldauf von Waldenstein in 1824 who, following the view 
of his time, differentiated between regular and irregular deposits. In 
greater detail regular dcjiosits consisted of tahiilar beds and lodes, while 
irregular deposits included masses and deposits where the, ore occurred 
in separate scattered bodies of considerable diniensioii. 

Burat in 1846, G. A. von Weissenbach in 1850, and Whitney in 1854, 
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piit forward classifications based jiartly upon morphology and partly 
upon genesis. Burat in his main grouping differentiated regular deposits 
and included therein lodes, masses, and stockworks. Lodes ho deseriheil 
most completely as indeed did all the early investigators, moved tlieieto 
by the work of Werner. While in this and in his main grouping he followed 
the tendency of the time, in a sn])plcmentary chapter upon deductions 
concerning the theory and exploitation of ore-deposits he gave a classifi¬ 
cation which showed that he was far ahead of his colleagues. In this he 
took into consideration the more or l(^ss close relationshiji between ore- 
deposits and eruptive magma, and dill'erentiated : 

1. Eruptive deposits and tin occurrences. 

2. ('ontact-deposits. 

3. Aletainor])hic deposits. 

'1. Jjodes. 

Ilis metamorphic deposits were those into which metallic substances 
penetrated subsequently and which were not in immediate relation to 
erujitiv'e rock. The Kupferschiej'er was for instance reckoned among 
them, representing that group of metamorphic deposits which constituted 
a connecting link with those other de|)osits coiitemporaiieous with the 
rocks enclosing tlieni. A difference was made between a contenipor- 
aneoiis metamorphism taking place when the rock and ore were, formed, 
and metamorphic di'posits of later formation. The first correspond to 
the sedimentary beds of to-day, the latter to the metasoiiiatic deposits. 

B. von (lotta. in his famous Lchre von ien Lagersiaileii, Bart 1., IH.99, 
followed a purely morphological grouping. He differentiated between 
regularly-shajied deposits, such as beds and lodes, and those irregularly 
shaped .such as masses and impregnated zones. In addition he grouped the 
deposits according to the characteri.stic mineral contained ; and finally, in 
the si'cond portion of the work, he arranged and describeil the deposits 
under their geographical distribution. In the preface to the si'cond 
edition, wherein the principal conclusions are review'ed, he divided the 
different occurrences into : 

I. Begular : II. Irregular : 

(а) Beds. (a) Ma.s,se.s. 

(б) Lodes. (6) Impregnated zones. 

The true beds according to Cotta were formed by deposition from 
water, though subsequently they might have been altered. As true lodes 
ho included not only those occurrences of precipitation from aqueous 
solution, but also individual cases of sublimation and molten injection. 
T’hc masses might be irregular beds or lodes, but also other irregular deposits 
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occupying space opened i)y volcanic activity. The scientifically-speaking 
far-advanced genetic classification of Rurat was, it is strange to say, not 
made use of by ('otta. It is true that in comparison with tlie main grouping 
of Rurat that of Cotta marked an advance in one ])articular, namely, that 
in his classification the beds w’cre given a ilefinite and independent place 
whereas with Rurat their }>osition was indeterminate. Against this 
however Cotta gave magmatic segregations and contact-metamorphic 
deposits no scparati' place. He acknowledged, it is true, that deposits did 
occur within or as contact-formations attendant uj)on eruptive rocks, and 
rccoguiz<al that these represented the concentration of mineral matter 
originally regularly distributed in t.he earth's mass, but he put no value 
upon gron])ing the deposits in harmony with these, genetic considerations. 
Impregnated zones were dividorl into independent and dependent. Tln^ 
first, occurring bed-like or in the form of masses, contained ore formed at 
th(> same time as the rock itself. The latter occuriral as herder zotics 
and beds, lodes and masses, and ware neither contemjioraneons with the 
principal depo.sit nor were they formed by its decomposition. Cotta him¬ 
self pointed out that his class of independent contem|)oraneous impregnated 
deposits were not impregnations in a scientific sense. 

.1. (Iriinm in 18(1!) followed in general the morphological lines of Cotta, 
his clas.sificatio]i being : 

T. Primary constituents of, or inclusions in, the rock : 

(rt) Original dissemination or inijnegnation. 

(h) Secondary dis.semination. 

II. S('pai'at(! deposits or subordinate, rock members : 

{(i) Tabular masses. 

(b) Masses, regular and iri'egnlar, and stockworks. 

In this classification the factor of genesis recteived no consideration. 
In the group of original disseminations small magmatic segregations as 
well as suhseipient im])regnations were inclnderl. The secondary dis¬ 
seminations consisted only of gravel-deposits and ore-hcaiing (hh.ritus. 
The tin lodes of Zinnwald, which at that time wen^ properly and almost 
universally classed as true lodes, he classed with beds and seams because 
they passed from tin; zone of greisen out into the country-rock. 

Gallon in ISfifi, Rottner-Rerlo in 186!), Neve Foster in 1891, and Kohler 
in 190.3, dcvelo[)ed systcm.s a])|)ro.icliing that of Crimm. In addition to 
these authors who together with Rurat regarded the de[)osits entirely 
from the view of moiphology, there were, others wlio took genesis 
also into consideration. Naumann, from 1866 to 1872, made the first 
endeavour in this direction in his work Geoynosie, where he treated the 
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ores as subordinate rock-forming minerals and classilied the ore-deposits 
as follows: 

1. Ore-bearing layers, includiiig fahll)ands, impregnated zones, etc. 

2. Oravel-dejiosits. 

3. Ore-beds in the narrow sense, including beds and bcdiled masses. 

4. Lodes. 

5. Eruptive deposits. 

The first class corresponds in its scope, to the ‘ original dissemina¬ 
tions ’ of Grimm, though the change of name is a decided improvement. 
Naumann explains that this class included deposits of very different genesis, 
and that to it belonged tlui so-called half-formed beds, or those oecurrences 
which differing from ordinary beds only in the smaller ,siz(^ of tlu! ore- 
body, occasionally pass over to be(a)me bods proper. The .separation 
of the linst thre(! groups on an <u|ual footing with the others cannot bo 
maintained. Meta.somatic depo.sit.s are j)laced with the ore-beds which 
is not (iorrect; while the contact-deposits receive no mention at all. 

The classification of Whitney in 18(1(1 resronbled that of Naumann. 
Ho differentiated deposits into superlicial, stratified, and unstratified, as 
the main grou]>s, while in the subsidiary groups he gave some consideration 
to genesis. Phillips and Louis in 189(1, using the .same main divisions as 
Whitnev, comjileted their classification as follows : 

I. Superficial deposits, formed by : 

(/i) The mechanical action of waUr. 

(fj) Ghemical action. 

II. Stratified deposits, formed by : 

(ti) Precipitation from aqueous solution. 

{!)) Precipitation from aipieous solution, but subsequently 
altered. 

(e) Precipitation from impregnating solutions. 

III. Unstratified, such as: 

(a) True veins.i 

(b) Segregated veins. 

(e) Gash veins. 

{(1) Impregnations. 

(e) Stockworks. 

(/) Fahlbands. 

(g) ('fontact-depo.sits. 

{h) Ghambers or pockets. 

The deposits under II. (h) are generally those of limmatitc and mag¬ 
netite occurring in highly altered rocks of Gambrian, Silurian, Devonian, 

‘ Lodes. 
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or Carboniferous age. 'I’he author assumes that these occurrences were 
originally ])recipitated as ferric hydrate wliich later, by metainorphism of 
one nature or another, became changed to their present condition. To 
II. (c) such deposits as the Kiipfcrschiefer belong, the author considering 
this to have been formed by the saturation of a particular stratum with 
mineral solutions from which the ore from one cau.se or another became 
precipitated, h’or .such deposits as for instance the bed of iron ore in the 
Sonon at I’einc, which after formation by the mechanical action of water 
became covered by younger beds, no subdivision under stratified deposits 
has been provided. On the other hand in II.(u)the author placed a number 
of mctasomati<! deposits. With contact-deposit,? also he reckoned not only 
the coutact-mctamoiphic deposits but also those which without reference 
to tlieir genesis are fo\uid where two different rocks cam<! into contact. 
In general however the subdivisions are based ujjon genesis. Super¬ 
ficial deposits fur instance are divided according as to whetlnu' they were 
formed by mechanical or by chemical action. 

Von (jlroddec-k in 1879 was tins first author to refuse form and to accept 
genesis exclusively as the basis for his classification. He differentiated : 

A. Original di'posifs : 

1. Stratified deposits. 

2. Massive deposits. 

3. Cavity-fillings. 

4. Metamorphic deposits. 

B. Detrital dejiosit.s. 

Tliis grouping however separates the detrital deposits from the strati¬ 
fied deposits from which however they differ only in age. Oroddeck himself 
later^ admitted the force of this and withdrew' the groii]) of detrital 
deposits. The names given to the first two classes in addition to their 
relation to genesis arc also indicative of form which indeed is a function 
of genesis. The contact-deposits, which in a special section the author 
jilaces in part with the ore-beds and in jiart with the metasomatic deposits, 
are not separated as a class. The stratified deposits of (Jroddeck are those 
formed originally on the surface by gradual dcjiosition from water in just 
the same manner as the non-mctalliferous sediments ; they have in con¬ 
sequence the same strike and dip as these sediments and occur cither as 
surface or as interbedded deposits. By massive deposits (Iroddeck 
meant crystalline rocks of molten origin. The cavity-fillings comstitute that 
general group formeil later than the country-rock, these according to their 
form being .subdivided by (Jroddcck into lodes and chamber-fillings. 

Stclzner, in a critical review of (jlroddeck’s classification,^ raised the 


lierg- und hultenm. Zeit., 1885. 


* xV. J.f. M , 1880. U. 



THE SCIENTIFIC CLASSIFICATION OF ORE-DEPOSITS 233 


point that in the class of metamorphic deposits, occurrences of very different 
f^enesis are put together, namely : 

(u) Metasoniatic lead-, zinc-, and iron-manganese deposits. 

{li) Contact-deposits proper, the ])roducts of contact metamorphism. 

(c) Various other deposits resulting from metamorphism, such for 

instance as the occurrence of greisen with tin d(^[)osits. 

lie proposed therefore that the metasoniatic deposits should be jilaced 
in a class by themselves, with which jirojiosal Croddeck a])|)earcd agreealile, 
though he called attention to the cIo.se connection between the lodi's and 
these metasomatic occurrences. 

'I'he classification jnit forward by J. F. Kemp in 1892, 1895, and at 
times between 1900 and 1907, is also purely genetic, and as follows : 

I. Magmatic segri'gations. 

II. Dejiosits chemically dejiosited from solution : 

(d) Precipitation on the surface. 

(6) Imjirognation. 

(c) Filling of fractures arising from cooling or drying. 

(d) ('hamber-deposits in lime.stone. 

(e) Filling of fractures in shattered and broken strata. 

(/) Filling of ojienings in anticlines and .synclines, often 
connected with metasomatis. 

{</) (hushed zones accompanying fi.ssures or faults. 

(//) True lissure veins.* 

(i) iScgregations in volcanic necks. 

(k) Deposits in connection with eruptive rocks. 

(l) l)epo,sits formed at the alteration of eruptive, rocks. 

III. Deposits formed by the mechanical action of water : 

{a) Detrital deposits ; 

1. iSujierficial. 

2. Covered. 

{h) Eluvial gravels. 

The several subdivisions of group 11. do not indicate uniformity in 
the point of view throughout. The author apjx'ars sometimes to have 
considered form and at other times genesis. Lodes and cavity-fillings so 
closely allied in genesis, account for no less than six subdivisions, (c-h), 
W'herein sometimes the form of the fissure or cavity and sometimes its 
origin play the greater part. The three main divisions are also of very 
unccpial compass. Since most ores result by chemical precijiitation from 
aqueous solution this gi'oup is much the greatest, an admission which Kemp 
makes by providing it with eleven .subdivisions. Since also mineral 

^ iSimplo lodes. 
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solutions must have been active to a greater or less extent with all the 
various geological processes, deposits of most varied eharacter must he 
embraced by this group, lodes becoming classed with contact-deposits, 
and these again with such occurrences as are formed by the migration 
and deformation often taking place at rock alteration. 

In the year 1893 Posepny put forward the-following genetic classifi¬ 
cation ; 

I. Deposits in spaces of discission : 

(а) Lodes in stratified rocks and with no connection with eruptive 

rocks. 

(б) Lodes in the neighbourhood of eruptive intrusions. 

(c) Lodes within extensive complexes of eruptive rock. 

11. Deposits in spaces formed by the solution of material; or deposits 
in soluble rocks: 

(а) In disturbed country. 

(б) In undisturbed country. 

III. Metamorphic deposits; 

(а) In distinctly stratified rocks. 

(б) In soluble rocks. 

(c) In crystalline schists and eruptive rocks. 

IV. Hysteromorphic deposits: 

(а) Due to chemical influences at the present surface. 

(б) Due to mechanical action at the present surface. 

(c) Due to the hysteromorphic occurrence of older geological 
formations. 

The fillings in spaces of discission, or spaces following upon rupture, 
are the lodes proper; and the hysteromorphic deposits are those formed 
chemically at the surface whether in older or younger geological epochs. 

Fuchs and de Launay in 1893 regarded the ore-deposits from the 
point of view of the metals they contained, and arranged the deposits of 
each metal or element according to a geological system. In a theoretical 
treatise appearing at the same time as the principal work, de Launay 
differentiated; 


1. Deposits included in eruptive rocks. 

II. Lodes. 

III. Sedimentary deposits. 

To the first group belong principally the magmatic segregations but 
also other occurrences within eruptive rocks such as the garnierite veins, 
the copper deposits of Lake Superior, and several endomorphic contact 
occurrences such as tin ore in greisen. The genetic principle is there- 
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fore not entirely maintained in this classification, and as with other French 
authorities the sedimentary deposits receive little consideration. 

A similar classification was that put forward by Hofer in 1897 wherein 
the principal groups are differentiated according to their age-relation 
with the country-rock ; the subsidiary groups according to genesis ; and 
finally the classes according to size and form. According to genesis Hofer, 
speaking generally, differentiated sedimentary deposits, eruptive deposits, 
cavity-fillings, and metaniorphic deposits. His complete classification 
was as follows, each subsidiary group being further divided according 
to size and form : 

I. Contemporaneous with the country-rock : 

Sedimentary deposits. 

Eruptive deposits. 

II. Younger than the country-rock : 

Cavity-fillings. 

Metaniorphic deposits. 

Stelzner ^ gave in his lectures the following classification: 

I. Protogenc deposits : 

A. Syngenctic : 

Eruptive. 

Sedimentary. 

B. Epigenetic: 

Hypostatic : 

1. Fissure-filling. 

2. Cavity-filling. 

Metasomatic. 

II. Deuterogene deposits: 

A. Metathetic. 

B. Gravels, or mechanical deposits. 

Giirich in his critical description raises doubts as to the propriety of 
this division into protogene and deuterogene deposits, because strictly 
speaking in all chemical-geological phenomena there is no actual accretion 
of new material but only a new arrangement of that already present from 
the beginning, and consequently no proper test for protogene deposits 
can exist. He therefore proposed ; 

I. Impregnation deposits; 

(а) Syngenetic. 

(б) Epigenetic. 

(c) Metagenetic. 

* Giirich, /Ceit. f. prakt. Oeol., 1899, p. 175. 
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IT. Magmatic or solidification deposits ; 

(а) Syngenetic. 

(б) Epigenetic. 

(c) Metageuetic. 

III. Precipitation deposits: 

{a) Syngenetic. 

(6) Diagenetic. 

(c) Metageuetic. 

IV. Concentration deposits; 

{a) Residual deposits. 

(6) Gravel deposits. 

It must be acknowledged that this classification of Oiirich practically 
covers all the cases which could arise in the formation of ore-deposits and 
therefore deserves great consideration. Unfortunately however it is 
practically impossible to arrange all the known occurrences according to 
it. In many cases for instance it is not possible to maintain a separation 
between formation by sublimation and that by precipitation since in many 
phenomena of precipitation vapours play an important part. 

In numerous essays published by Vogt discussing genesis much is 
found of considerable value relative to the classification of deposits. In 
that cited at the beginning of this chapter Vogt proposed the following 
grouping for those deposits due in any way to eruptive phenomena : 

I. Products of magmatic differentiation : 

1. Segregations of o.xide.ore. 

2. Segregations of sulphide ore. 

3. Segregations of metal. 

II. Products of pneumatolysis and pneumatohydatogenesis : 

1. Contact-metamorphic deposits. 

2. Cassiterite lodes. 

3. Apatite lodes. 

4. Pegmatite lodes containing zircon-, boron-, and fluorine 

minerals, etc. 

5. The gold-silver lodes occurring in young eruptive rock. 

6. The copper lodes accompanying basic and intermediate 

eruptive rock. 

This classification it is seen only applies to those deposits which are 
in close relation to an eruptive rock. 

The latest systems originate with Beck, 1900 and 1903, and with 
Bergeat, 1904—1906. These are based more or less upon that of Stelzner. 
Beck differentiates: 
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I. Magmatic segregations: 

(a) Native metal. 

(b) Oxide ores. 

(c) Sulphide or arsenide ores. 

II. Ores as sedimentary rocks ; 

(а) Sedimentary deposits of iron ore. 

(б) Sedimentary deposits of manganese ore. 

III. Epigenetic deposits: 

(а) Lodes. 

(б) Others. 

IV. Secondary deposits: 

{a) Older dctrital deposits. 

(6) Younger detrital deposits. 

This grouping, in so far as the magmatic segregations arc concerned, 
agrees entirely with that of Vogt. The subdivision.? of the sedimentary 
deposits are incomplete as they only provide for iron and manganese ores. 
The group of epigenetic deposits, in that it must include the metasomatic 
occurrences, the contact-deposits, and a great portion of the ore-beds, is 
disproportionately large. It is also hardly the best arrangement to place 
the impregnated depo.sits under epigenetic deposits, far from the sedi¬ 
mentary deposits with wliich their geological po.sition is so similar. Again 
the group of secondary deposits includes only those formed mechanically. 

Bergeat gives the following classification which is practically identical 
with that of Stelzncr : 

I. Protogene deposits : 

1. Eruptive deposits. 

2. Stratified deposits. 

3. Lodes. 

4. Chamber-deposits. 

5. Metasomatic deposits. 

II. Deuterogene deposits: 

6. Metathctic or eluvial gravels. 

7. Alluvial gravels. 

From this review it is seen how difficult it is to propound a classification 
which shall give due consideration at one and the same time to all the 
characteristic properties of ore-deposits. These characteristics as will be 
gathered from the chapter dealing with genesis are primarily due to 
chemical processes; the more or less finely distributed metal content 
within the rocks of the crust is brought into molten, aqueous, or gaseous 
solution, to be later deposited by concentration processes more or less 
complex. To these chemical impulses many physical factors such as those 
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expressing themselves in the formation of fractures, add their momentum. 
The resultant processes of concentration run their course differently as the 
chemical nature of the particular metal varies, while geological position, 
form, content, mineral-intergrowth, and association, being dependent upon 
these processes, vary with them. 

Von Groddcck by proposing certain deposits as types, as for instance 
the siderite, clay-ironstone, Mansfeld, and Schemnitz types, etc., made in 
effect an important endeavour to obtain a classification into natural genetic 
groups, an endeavour which in this work will be again taken up though 
with this difference, that in the place of numerous related types the different 
groups will appear. In each of these groups those deposits are included 
which have the same characteristic properties, such properties, established 
by a comparison of a number of closely-related occurrences, being used as 
the criteria of genesis. This is the principle of the ‘ comparative science 
of ore-deposits.’ As the material contained in ore-deposits is a function of 
genesis, this classification coincides in many cases with that of the metals, 
and the tin lodes, the gold lodes, etc., still remain as groups. 

The complete division into groups upon the above principle encounters 
considerable difficulty in that so many deposits, scientifically speaking, 
have not been sufficiently investigated. This again is an admission that 
the properties common to the members of the different groups are yet 
uncertain, and that in isolated cases deposits of questionable genesis may be 
placed where afterwards it may be proved they do not belong, such as 
well might happen, for instance, with the fahlbands. As with every natural 
scientific classification so also with this, no sharp boundary exists between 
the different groups, and pronounced differences only occur between the 
types. From these, gradations proceed on either side. The magmatic 
titaniferous-iron ores, the magmatic nickel-pyrrhotite deposits, the contact- 
deposits, the tin lodes, the young gold-silver lodes, and the young (juick- 
silver lodes are all in their typical occurrence sharply separated one 
from the other. Yet there are districts where titaniferous-iron ore occurs 
with deposits of nickel-pyrrhotite, and contact-deposits with those of tin. 
In these cases no such sharp separation exists. The gradations from 
one occurrence to the other do not however render the division into 
groups untenable, but on the contrary they often furnish further 
material for the proper understanding of the nature of these groups, and 
therewith of the genesis of their occurrence. 

In a natural classification the groups genetically closely-related must 
follow close together and this has been kept in view in the following 
classification. Beginning with the magmatic segregations which re¬ 
present the deposits nearest to their original source, the sequence of 
main groups is as follows: 
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1. Magmatic segregations. 

2. Contact-deposits. 

3. Fissure cavity-fillings, irregular cavity-fillings, and metasomatic 

deposits. 

4. Ore-beds, sedimeijts more particularly. 

Magmatic segregations separated directly from the magma have 
only since the late ’nineties been more closely investigated in relation 
to their nature. The contact-deposits formed by endomorphic or exo- 
morphic contact-metamorphism are morphologically and mineralogically 
fairly sharply-defined, more particularly by their occurrence within the 
contact-zone, but also by their structure and the presence of characteristic 
minerals. Separation of these deposits from magmatic segregations is 
therefore in most cases easy and it is not often that such different views 
are held as was the case with the deposits of iron ore in the Urals. These 
two groups, according to the nature of the ore occurring, are further 
divided into oxide and sulphide ores, etc. The differentiation and 
separation of the contact-deposits from fissure- and irregular cavity- 
fillings is however less certain, seeing that fissure-fillings may be formed 
as one result of contact-metamorphism, the occurrence at Kupferberg in 
Silesia being a case in ])oint. The different lodes of this group of cavity- 
fillings are so arranged that those in closest connection with eruptive rocks, 
namely the pneumatolytically formed tin- and apatite lodes, are given 
first, then the quicksilver lodes, the young gold-silver lodes, the old gold 
lodes, and the silver-lead occurrences, all of which may be regarded as in 
greater part formed by the thermal after-effects of eruptive phenomena ; 
and finally those deposits, such as the garnierite veins, which have been 
formed by secondary processes. A classification of the lodes according to 
the rock in which they are found is not possible of achievement, although 
the tin lodes occur exclusively in granite or in the allied dykes and sheets. 
The majority of the lodes occurring in undoubtedly close connection with 
eruptive rocks are moreover not observed to be associated with any one 
particular rock but rather with an eruptive epoch. The young gold- 
silver lodes for instance are found as much in connection with rhyolite 
as with dacite, andesite, etc. 

The separation of the metasomatic deposits from the fissure- and 
irregular cavity-fillings, as was previously the custom, in view of the close 
relation between the two classes of deposits, can now no longer be main¬ 
tained. Although with complete alteration the metasomatic deposits 
in relation to form and content occasionally show great similarity to typical 
ore-beds, it is nevertheless natural when discussing the different groups 
of lodes to discuss at the same time the metasomatic deposits which so 
often accompany them. 
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The number of the occurrences to be counted as ore-beds is not yet 
settled. Properly speaking only those deposits should be so reckoned 
which are actually sediments, that is younger than their foot-wall and older 
than their hanging-wall. In many cases however where deposits occur 
interbedded it is not yet possible to decide whether they were originally 
so deposited or whether the ore has not been introduced subsequently. 
A case in point is that of the Witwatersrand conglomerates. 

The pyrite deposits also present great diflictilty. While formerly 
these wherever they occurred were all classed together, investigation 
during the last few years has shown that such simplicity does not exist,^ 
but that such deposits may be of very different genesis. That for instance 
at Meggen represents most probably a sedimentary occurrence, while the 
neighbouring occurrence at Schwelm is doubtless of mctasomatic origin. 
Those of Norway again, according to Vogt, arc undoubtedly to be regarded 
as magmatic segregations. 

Under ore-beds therefore a number of deposits of sedimentary forma¬ 
tion are in the first instance discussed, and then some bed-like or apparently 
bed-like deposits the genesis of which is doubtful. 

On the above lines the following complete classification is founded: 

I. Magmatic segregations : 

(a) Oxide ores : 

1. Chromite grou]). 

2. Titaniferous-iron group. 

3. Iron and apatite-iron grouj). 

(b) Sulphide ores : 

1. Nickcl-pyrrhotite group. 

2. Intrusive pyrite group. 

(e) Native metals: 

1. Nickel-iron grouj). 

2. Platinum group. 

II. Contact-deposits: 

(а) Oxide ores: 

Iron group. 

(б) Sulphide ores: 

• . Lead-zinc and coj>pcr group. 

III. Cavity-fillings, and mctasomatic deposits : 

1. Tin lodes. 

2. Apatite lodes. 

3. Quicksilver lodes. 

4. Young gold-silver lodes. 


Kruiich, Unlerauchung und Bmetrtnng der Erzlagerstdlten. p. 301. 
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5. Old gold lodes. 

6. Lead-silver-zinc lodes. 

7. Metasomatic lead-silver-zinc deposits. 

8. Antimony lodes. 

9. Iron lodes. 

10. Metasomatic iron deposits. 

11. Manganese lodes. 

12. Metasomatic manganese deposits. 

13. Copper lodes. 

14. Metasomatic copper deposits. 

15. Pyrite lodes. 

10. Metasomatic pyrite deposits. 

17. Native-copper deposits. 

18. Nickel-cobalt-arsenic veins. 

19. Nickel-silicate veins. 

IV. Ore-beds ; 

(a) Iron-ore group : 

1. Lake- and bog-iron deposits. 

2. Oolitic deposits. 

3. Carbonaceous and clay ironstone. 

4. Chamosite and tliuringite. 

5. Magnetite, specularite, and heematite. 
0. Nodular iron deposits. 

(b) Manganese deposits. 

(c) Copper-shale group. 

(d) Fahlband group. 

(e) Pyrite deposits. 

(/) Witwatersrand ore-beds. 

(ff) Sulphide lead zinc deposits. 

(/i) Antimony deposits. 

(i) Tin gravels and gravels of the noble metals 
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MAGMATIC SEGREGATIONS 

LITERATURE 

J. H. L. VoQT. ‘ BUdung von Erzlagerstatten durch Differentiationsprozessc in 
basischen Eruptivraagmata,’ Zeifc. f. prakt. Geol., 1893. 

Comprehensive geological and petrographical investigation prosecuted 
during the last decades has shown that the eruptive rocks of varying aggre¬ 
gation embraced within a so-called ‘ Petrograplucal Province,’ in relation 
to their chemical composition, have certain characteristic properties 
in common. Between the rocks of extreme composition there is 
usually an almost unbroken series the members of which are to be re¬ 
garded as chemical gradations. The different rocks of such a province may 
consequently be said to exhibit a blood-relationship or consanguinity. 

This phenomenon may only be explained in that the differently aggre¬ 
gated rocks found existing in an eruptive field are to be referred back to a 
single stock magma, which by magmatic differentiation became separated 
into fractional magmas, in that some of its components suffered trans¬ 
ference or migration. 

W. C. Brogger in a number of works between the years 1886 and 
1898 called attention to the fact that in magmatic differentiation those 
components are found segregated which during cooling first become crystal¬ 
lized, and that accordingly there exists a parallelism between the sequence 
of crystallization and that of differentiation, and again between this latter 
and the sequence in volcanic eruption. J. H. L. Vogt in a recent work * 
explains how that magmatic differentiation follows the same physico¬ 
chemical laws as those which hold good for crystallization, that is the passage 
from the liquid to the solid state. Those minerals which would crystallize 
first proceed in the anchi-monomineral direction whereby the remaining 
magma in its chemical relations approaches the condition of an eutecticum, 
and anchi-eutectic magmas result. With most eruptive rocks crystal- 

* ‘ Anchi-mommineraHsche und ancki-eutektische EruptivgeaUine,^ 6’e/f. d. Ww., 
Christiania, 1908. 
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lization first begins with what may be called the ore-minerals, such as 
magnetite or titaniferous magnetite, specularite, ilmenite, zircon, apatite, 
pyrite, and occasionally also spinel, etc. At a somewhat later stage of 
consolidation the ferro-magnesium silicates such as mica, the hornblende 
and pyroxene minerals,, and olivine, crystallize. It is in agreement with 
this sequence that, apart from some exceptions, just these components 
are subject to migration in magmatic differentiation. 

The processes which in time past led to the formation of the basic 
segregations found in many plutonic rocks, the basic borders of many 
dykes, and the melanokratic diaschist dykes of many eruptive areas, 
are known generally. All these products of magmatic differentiation are 
characterized by an increase in iron minerals, chiefly titaniferous iron, in 
ferro-magnesium silicates, and generally in the anorthite components of 
the felspars. As will be more closely discussed when describing the occur¬ 
rences of titaniferous-iron ore, in many cases this enrichment of heavy 
minerals has proceeded so far that such segregations consist exclusively 
or preponderatingly of one ore-mineral. Accordingly, from a genetic 
point of view, whenever such enrichment is pronounced, the particular 
aggregates are to be regarded as anchi-monomineral or perhaps even as 
pure monomincral eruptive rocks. Sometimes, as illustrated in Fig. 2, 
the segregation took place in situ ; in most cases however it was only 
after becoming enriched that the magma was forced up, forming then 
differentiated lodes or streaks in the eruptive, or exceptionally in the 
country-rock. Such lodes or streaks are illustrated in Figs. 1, 13, 16, 
16, 141, and 170. 

In addition to these magmatic segregations, the pneumatolytic and 
the contact-inetamorphic deposits must also be considered, both in genesis 
and in space, as occurring in close relation to eruptive magmas. There is 
this difference however, that while the magmatic segregations result from 
a single process, that of magmatic differentiation, in the case of the 
other, deposits the metal after such differentiation was taken up in 
aqueous or gaseous solution and deposited later by other processes. It 
is natural therefore that in the majority of cases the magmatic deposits 
are quite distinct from the related pneumatolytic and contact-meta- 
morphic deposits. Occasionally gradations such as would result when the 
process of differentiation was accompanied by pneumatolytic phenomena, 
occur. 

Magmatic segregations according to their content are divided into 
oxide, sulphide, and metal deposits. This classification, originally proposed 
in 1893 by Vogt, has been adopted in the new text-books by Beck and 
Stelzner-Bergeat,and in a large number of other works which have appeared 
subsequent to its proposal by Vogt. It differs from the mineralogical 
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sequence which usually places the metals first, then the sulphides, and 
finally the oxides, because in the study of ore-deposits the oxide and 
sulphide magmatic segregations are incomparably more important than 
those containing metals, which in general are only Interesting minera- 
logically and which in relation to their genesis are not entirely beyond 
question. The description of the oxides before the sulphides is justified 
because among the former some of the largest ore-deposits of the world 
are found, such for instance as that of Kiirunavaara. 


A. OXIDE SEGREGATIONS 

1. Chromite Deposits in Peridotite and Serpentine 
LITERATURE 

J. H. L. VooT. Zeit. f. prakt. Geol., 1894, pp. 1184-993. Report of the sixth inter¬ 
national Geological Congress, Zurich, 1894, pp. 382-392. 

All the chromite deposits yet known occur in peridotite or in the serpent¬ 
ine arising from, the decomposition of that rock, though the discovery of new 
deposits in pyroxenite or olivine-pyroxenite, so closely allied to peridotite, 
may be regarded as not impossible. In most cases the country-rock of 
such deposits appears completely serpentinized though in a few cases, 
such as at Heatmandd in northern Norway, at Mount Dun in New 
Zealand, and at Kraubat in Steiermark, the rock is either not altered at 
all or altered but very little. Including the varieties dunite consisting 
almost entirely of olivine; saxonitc or harzburgite consisting of olivine 
and enstatite; wehrlite consisting of olivine and diallage, and often also 
hornblende ; and Iherzolite consisting of olivine, enstatite or bronzite, and 
diallage, peridotite is characterized by a never absent original content 
of chromium sesqui-oxide, Cr,^0,|, ranging generally from ()'2-0'5 per cent 
but reaching exceptionally to 1-0 per cent.^ In these rocks the chromium 
is found chiefly as chrome-spinel or picotite (Mg,Fe)(A1 ,CV,^’e,)„0^, or as 
chromite (Fe,Mg) {Ci,Al,Fe)fi^, but also to smaller extent in chrome- 
diopside, bronzite, mica, and chrome-garnet, etc. In dunite, saxonite, etc., 
which in general contain but traces of titanic acid, iron and titaniferous iron, 
otherwise so widely distributed in eruptive rocks, are almost entirely want¬ 
ing. From this the general statement may be made that the titaniferous 
iron in gabbro is replaced in peridotite by chromite and picotite, the 
crystallization of which took place in early stages of the rock’s 
consolidation. 

The deposit of chromite which has been most scientifically investigated 
* Sec p. 163 ; also Zeit. f. frakL OeoL, 1898, p. 231. 
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is that mentioned above as occurring on the island of Hestmando off the 
northern coast of Norway. This was examined by Vogt. Within an area 
about 70 km. long and 40 km. wide situated inside the Polar Circle there 
occur at least one hundred laccolith.s of peridotite generally of the varieties 
dnnite and saxonite. Of these the largest has a superficies of about O-O sq. 
km. while most of the others reach onlyO’OP 0'05 sq.km. Almost all contain 
deposits of chromite, these occurring far more often in the central portions 
of the eruptive mass than around the periphery. These deposits consist 
partly of clean ore and partly of chromite more or less mixed with olivine 
and enstatite. Such mixtures, containing at the lowest 3-10 per cent 
of Cr^O^ and at the highest CO-80 per cent, constitute chrome-peridotite, 
or chrome-dunite, chrome-saxonite, as the case may be, and illustrate 



Fig. 167. — Chromite - saxmiite, the 
chromite content varying between and 
70 per cent. The banded appearance I*, 
tliat of fluid structure. Illustration 
from Hestmando; two-thirds natural 
size. Vogt, Zeit. f. prakt. (t'l'oL, 1894. 



Kjg. 168.—Chromite-dnnite, 
consisting of chromite ami oliv¬ 
ine. Jlamberget near Hest 
mando; maginhed 40 times. 
Vogt, Zed f. prakt. 1894, 
p. 891. 


the petrographical transition from ordinary rock to the more or less 
clean ore-deposit. Fig. 168 represents a thin section of chrome-dunite 
showing chromite as idioniorphic dark crystals embedded in olivine quite 
undecomposed. As illustrated in Figs. 13, 141, 109, and 170, the 
occurrences are found sometimes as streaks and sometimes as irregular 
veins or bunches. Fig. 13 shows a lodc-likc series of such bunches of 
clean chromite (black) with others rich in enstatite (hatched), in normal 
saxonite (dotted). This short description of the deposits at Hestmando 
may be taken as typical for the occurrence of chromite deposits in 
general. 

Numerous investigators, as von Groddeck,* A. Helland,^ A. Cossa and 
A. Arzruni,® and L. de Launay,* advocated the view that the chromite 
deposits were formed at the decomposition of chromium-bearing 
peridotite to serpentine, but as these deposits have also been found within 

^ Lehrbuch, 1879. ® Oes. rf. Christiania, 1873. 

® Zeit. f, Kriat u. Min., 1883. * Formation dea gitea nietalUferea, 1893. 
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undecomposed peridotite, it is evident that this view cannot be correct. 
As Vogt pointed out as far back as 1894 these deposits are rather the pro¬ 
ducts of magmatic separation, and the chromite in peridotite plays the 
same part as the titaniferous iron in gabbro. The chromite deposits in 
peridotite show accordingly the same geological, petrographical, and morpho¬ 
logical characteristics as those of titaniferous iron in gabbro, and the general 
genetic statements afterwards enumerated in connection with the titan- 
iferous-iron deposits hold good also for the occurrence of chromite. In 
addition to this well-defined analogy, the gradations from ordinary peridotite 
through chrome-peridotite to clean ore are further evidence of the mag- 



Fill. 169. -- DinVivntiate<l lode ol 
cliroiiiite-saxonite, consisting of chron.iti:. 
olivine, and enstatite, in normal saxonite. 
Vanias near Hestmainlo. Vogt, %eit. f. 
prakt. GeoLy 1894, p. 390. 



Fig. 170. -- Differentiated lode of 
(.•liromite-dunitc lu saxonite ; length ol lode, 
40-50 ni.; wnltli, 0*1-0 8 m. Varna.s near 
Hestniando Vogt. Fig. 141 repnxliieeH 
a portion of tins lo<le on a larger st ale. 


matic origin of these deposits. Finally the order of crystallization, chromite 
first and olivine afterwards, plainly indicates that the chromite crystallized 
from a magma. The view first put forward by Vogt that chromite deposits 
are due to magmatic differentiation has been endorsed by all later 
investigators who have carried out independent work upon this subject, 
and in this connection the researches of J. H. Pratt ^ and of Fr. Ryba * 
are especially important. 

In the formation of peridotite and the segregation of chromite two 
different stages in differentiation must be recognized. In the first 
place the peridotite magma was formed from the stock-magma which 
may have had the composition of an olivine-gabbro, etc., and then from 

' ‘ The Occurrence, Origin, and Chemical Composition of Chromite,’ Trans. Amcr. Inst. 
Min. Eng.y February 1899; and Amer, Jour, of Sc. Vol. VI., 1898, and Vol VII., 1899. 

* ‘ Beitrag zur Genesis der Chromeisenerzlagcrstatte b(»i Kraubat in Obersteiormark,’ 
Zeit. f. prakt. Qeol.y 1000. 
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within the peridotite magma the chromite segregations arose by 
separate difEerentiation. The two stages, distinct but following one 
another, are illustrated in the diagram Fig. 171, which is taken from 
Vogt’s work i)her anchi-monomineralische und anchi-eutektische Erwpliv- 
gesteine. > 

With the Norwegian chromite deposits, both with those to the north 
and those in the district of Roros-Dovre, there exists a certain relation 
between the size of the mass of peridotite, or serpentine as the case might 



Fig. 171.—Pill'erciitiation <Uaf;raiu. To the left the coiuposition of a stock magma ; 
in the miihlle that of perhlotite ; and to the right that of the segregate<l chromite. 


be, and that of the chromite deposit found occurring witliin it. It may 
indeed be said that small eruptive masses carry only small deposits while 
the larger deposits are only found in masses of considerable size, probably 
because the amount of Cr,0.^ in a small peridotite magma would not be 
sufficient to form larger deposits. It must be remarked however that it 
is far from being the case that all peridotite occurrences contain deposits 
of chromite ; indeed several extensive complexes of peridotite and serpen¬ 
tine have proved themselves to be free from such deposits. The phenomena 
of difEerentiation have consequently not been operative in all peridotites 
alike. 

The most important Norwegian chromite deposits lie at Feragen in 
the neighbourhood of Roros in a serpentine mass, which has an area 
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of about 15 square kilometres. The principal mine,Rodtjern byname, works 
a streak-like lode of serpentinized chrome-peridotite containing bunches 
of pure chromite which break cleanly away from the serpentine country- 
rock. Similarly to the case illustrated in Fig. 170, this occurrence is not 
one of concentration in situ but one of a lode-like injection or intrusion of 
material previously segregated by differentiation in depth. Other occur¬ 
rences somewhat smaller lie in the neighbouring serpentine mass of Rod- 
hammeren which has an area of about 5-6 square kilometres. These two 
fields together since 1830 have yielded about 20,000 tons of chromite. 

In serpentine, the alteration-product of peridotite, chromite is accom¬ 
panied by those minerals wliich characterize this alteration, namely in the 
first place by serpentine with antigorite and serpentine-asbestos, then 


Longitudinal- Section 


Trans verse Section 



Fkj. 172.—LoiigitiKlinal section, transverse section, and plan of the Hodtjern mine ; 
from the mine jdans of the Roros Mining Company. 


often by magnesite, dolomite, talc, chlorite, asbestos, and brucite,; and 
finally more seldom by chrome-mica, chrome-garnet, and chrome-ochre. 
From the small nickel content of the original peridotite, zaratite, a 
basic hydrous nickel-carbonate is occasionally formed as a coating upon 
crevices within the chromite. In a manner analogous to the separation 
of iron to form magnetite during the serpentinization of olivine rich 
in iron, so also during the alteration of chrome-diopside and of other 
chrome-silicates may chromite be formed as a secondary deposit in the 
crevices and cracks of the remaining minerals.^ This separation has how¬ 
ever so far as is known never led to a concentration of chromite sufficiently 
large to form of itself a useful deposit. 

The most important chromite occurrences at present are in Asia 
Minor, especially at Makri near the south-west coast of Anatolia, practic¬ 
ally opposite the island of Rhodes ; and at Daghardy south and south¬ 
west of Olymp ; ® in Greece, at Burdaly in Thessaly, and upon the island of 

* B. Bauragartol, Tscher. Min. Petrogr. Mitt. XXIJI., 1904 
* K. E. Weiss, Zeit. f. praki. Oeol.^ 1901, p. 249. 
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Skyros; in New Caledonia, in the Tiebaghi hills and on Mount Dere ; 
^ and in Canada. In addition, a large number of occurrences which have 
occasionally been worked on a small scale are known in the United States ; 
in places in Australia and New Zealand ; in the East Indies ; in the Cau¬ 
casus ; in European Turkey ; in Scrvia, Bosnia, Herzgovina ; at Orsova in 
the Banat; at Kraubat in Stcierniark ; in the Bukowina ; and in Norway, 
etc. The occurrences near Ekaterinburg and Nischne Tagilsk in the Urals, 
formerly so often mentioned, have for many years no longer been of 
any importance. Their fame arose from the circumstance that at the 
birth of the chrome colour industry, the chromium ore was first obtained 
from the Urals. To-day Russia no longer exports but actually imports 
this ore. Germany too is poor in chromium, the occurrences at Silberberg, 
Grochau, and Frankenstein in Silesia, being small. The best ore comes at 
present from Asia Minor, in greater ]mrt from Daghardy, Kemikli, and 
Makri. On account of the irregularity of the deposits at these places, 
the geological occurrence of which is identical to that of those found in 
Norway, it is only very seldom possible to conduct raining systematically, 
and in consequence the miner usually lives from hand to mouth. The 
search for ore, the winning of the irregularly distributed bodies, and their 
further preparation for the market, arc consequently generally left to 
tributers or peasants from whom the ore is purchased. The mineral- 
merchant confines himself therefore to making contracts for delivery, in 
the fulfilment of which he must see that the cleanness of the ore 
satisfies the requirements of the marke.t. 

The yearly consumption of chromite in 1890 was about 20,000 metric 
tons, most of which came from Asia Minor. Since then it has risen to 
80,000 tons. It is used particularly in the production of chrome-steel, 
chrome colours, and other preparation.s, and also for firebricks, etc. 
The mineral chromite, in which part of the Cr,,0., is generally replaced by 
Al,0,j or Fe,,0., and some of the FeO by MgO, usually contains 52 -58 
per cent of Gr.jOj; 5 -15 per cent of A1,,0,,; 5-10 per cent of MgO ; and 
25-40 per cent of iron oxides. The ore marketed, in consequence of 
contamination by magnesium silicates, does not usually contain more 
than 50-52 j)er cent of Gr^O.j. The price fetched by 50 per cent ore in 
European ports has latterly been about 70 shillings per ton. 

Segregations of Corundum, in Peridotite. 

The deposits of corundum in North Carolina investigated by J. H. 
Pratt constitute another case of magmatic segregations in peridotite. In 
these occurrences the corundum is accompanied by spinel, enstatite, etc. 

^ Amer. Jour, of Sc. Vol. VL, 1898; and Vol. VIII., 1899. 
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In contrast however to the deposits of chromite and titaniferous iron these 
deposits of corundum occur around the periphery of the eruptive masses and 
generally, like the nickel-pyrrhotite deposits to be described later, im- 
• mediately at the margin. 

2. The Titaniferous Magnetite and Iemenite occurrences 
IN Gabbro, Labradorite, Augite-Syenite, Nepheline-Syenite, etc. 

LITERATURE 

J. H. L. Vogt. ‘Bildung von Erzlagoretatten (lurch Differentiation/ Zeit. f. prakt. 
Geol., 1893, 1894 ; * Weitere Untorsuchungen tiber die Ausscheidungen von Titaneisenerzen 
in basischon Eruptivgesteinen/ ibid., 1900-1901.—J. F. Kemp. *A Brief Review of the 
Titaniferous Magnetites,’ School of Mines Quarterly, New York, 1899. In these works a 
review of the various occurrences and of the articles concerning them is given. The occur¬ 
rences in Norway, for instance, are described by Th. Kjerulp, T. Dahll, H, llEirscil, 
J. H. L. Vogt, C. Fr. Kolderup ; in Sweden by A. SjQoren, A. E. Toknebohm, W. 
Peteesson, Hj. Sjogren, A. G. Hogbom, and others; in Finland by H. Blanket! ; in 
Canada by H. S. Hunt, B. J. Harrington, E. J. Chapman, R. W. Ells, A. J. Rossi, F. D. 
Adams, F. J. Pope ; in the United States by J. F. Kemp, M. E. Wadsworth, M. B. Yuno, 
S. F. Emmons, G. H. Williams, N. H. and H. V. Winchell, H. Pratt, and others; in 
Brazil by Orville A. Derby, and E. Hussak. Among later articles are: C. H. Warren. 
‘The Petrography and Mineralogy of Iron Mine Hill, Cumberland,’ Ainer. »Iour. Sc. Vol. 
XXV., 1908.—J. H. L. Vogt. ‘ Uber die korundfuhrenden Rodsand-'i’itanoiscncrzlager- 
stdtten in Norwogen,’ Zoit. f. prakt. Geol., 1910; ‘ Qber das Spinell. Magnetit-Kutektikum 
(mit besonderer Bosprechung der Titanomagnetit-Spincllito) ’ in Ges. der Wiss., Christiania, 
1910. The following exposition is more particularly based upon the works of Vogt. 

In certain basic and intermediate eruptive rocks having a silica 
content up to about 58 per cent, particularly in gabbro, olivine-gabbro, 
olivine-hyperite, norite, olivine-norite, and in labradorite or anorthosite, 
but more seldom in augite-syenite and nepheline-syenite, numerous occur¬ 
rences of titaniferous magnetite and of ilmenite are found scattered over 
the globe, all of which are connected by intermediate stages with the 
particular eruptive rock in which they occur. If those occurrences in which 
the ore content is still relatively low be taken to represent the first stages 
of concentration it is then the titaniferous iron and the ferro-magnesium 
silicates, particularly olivine, hypersthene, augite and at times hornblende 
also, which have become concentrated. Such ores or rocks which are com¬ 
parable to other basic segregations, are termed titanomagnetite-gabbro or 
-norite, or ilmenite-gabbro or -norite if some plagioclase be still present. 

With further concentration this plagioclase gradually but completely 
disappears and ores or rocks arise which consist only of ore-minerals and 
ferro-magnesium silicates, and which are then termed titanomagnetite- 
olivinite - hypersthenite - pyroxenite, or ilmenite - olivinite - hypersthenite- 
pyroxenite, etc. With still further concentration the ferro-magnesium 
silicates give place more and more to the titaniferous iron till finally 
almost clean titaniferous-magnetite or ilmenite remains. This frequently 



MAGMATIC SEGREGATIONS 


261 


carries some spinel of the variety titanomagnetite-spinelite, or exception¬ 
ally by enrichment in alumina or aluminium silicate titanomagnetite- 
corundite arises, and this also often contains spinel. 

In some cases such segregations are named after the locality in which • 
they occur, as for instance jacupirangite after Jacupirango in Brazil, 
though it is preferable to use a nomenclature which will at once suggest 
something of the composition of the rock concerned. In the table on the 
next page the compositions of several parent eruptive rocks arc given 
together with others of segrega- 
tions found occurring within them. 

That the deposits here being ' 
discussed actually arise by mag- , 
matic differentiation follows in 
the first place from their regular 
connection with certain eruptive 
rocks and then also from the 
regular steps by which the passage 
from ore to rock may be traced, 

In addition, the evidences of pneu- 
matolytic action are completely 
wanting. Their formation rests 20 
accordingly upon a purely mag¬ 
matic differentiation unaccom- . 
panied by independent pneuma- 
tolytic processes. This process of 
differentiation is identical in 
principle to that which brings 
about the basic margin of 
dykes, the basic segregations in 

the nliitonie rorlrs nuH finallv in diagram <>f tlic, magmatic 

rne pmromc rocKS, ana nnauy m .segregations at Kk«>im<i..SoggiMi<iai. Vogt. 

general the formation of melano- 

kratic rocks. There is consequently a chemical analogy between the 
analyses of titan-basalt and mclilith-basalt. Nos. 2 and 3 in the 
above-mentioned table, and those of many segregations which represent 
the first stages of concentration, the only difference being that with 
the segregations dift'erentiation has proceeded much further than it 
has with the ordinary melanokratic rocks. The course of this magmatic 
differentiation is explained by the diagrams Figs. 173 and 174 with which 
also Fig. 171 may be compared. 

The ilmenite of the final product of differentiation, ilmentite, at Eker- 
sund-Soggendal,of which a segregation diagram is given in Fig. 173, contains 
3-5 per cent of MgO in the form of a definite combination, MgTiO.,. 
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No. 

j SiOj 

T1O2 CrgOs 

AI0O3 

Fe203 

FoO 

HnO 

-HgO 

CaO 

Na^O 

K-iO 

PaO, 

S 

IlaO 

Total. 

la 

r 

52-80 

0 50 


17-80 

1 20 ' 4-80 


4-80 

12 90 

3-00 

0-.50 



1-20 

99*60 

14 

40-20 

4-70 


9-50 

9-70 

l‘2--20 

0-40 

8-00 

13-10 

0-80 

0-20 


0-40* 

0-50 

99-70 

Ic 

29-50 

9-20 


3 80 

17-80 : 18-20 

0-3 

8-70 

10-00 

0 20 

0-10 


0-40* 

1-00 

99-20 

2a 

44-55 

4-.52 

.. 

12-48 

2-81 

8-54 


10 85 

7-99 

4-04 

-2-57 

0 70 


0-74 

99-64 

24 

44-83 

6-88 


11-73 

1-35 

11-79 


5-00 

9-63 

3-84 

1-10 

2-14 


0-91 

99-50 

3a 

38-87 

4-79 

3-06 

11-94 

4-02 

6-00 


ir. 21 

10-87 

2 69 

1-64 



2-82 

90-02 

34 

35-81 

8-85 

2-84 

10-48 

7-25 

6-62 


12-95 

10-90 

5-53 

1-51 



1-92 

100-77 

4a 

47-88 

1-20 


18-90 

1 -39 

10-46 

0-16 

710 

8 36 

2-75 

0-81 

020 

0-07 

0 61 

100-02 

46 

17-90 

15-66 

0 51 

10-23 

15 85 

27-94 


6-04 

2 86 



0 04 

0-14 

1-33 

99-06 

5a 

44-77 

5-26 


12-46 

4 63 

12 99 

0-17 

5-34 

10-20 

2 47 

0-95 

0-28 

0*26 

0-60 

100-75 

54 

11-73 

12-31 


6 46 

30-68 

27-92 


3-35 

3-9.5 

0-50 

0-26 

0-82 

0 04 

0 64 

99-18 

6a > 

53-50 

0-30 


27-50 

2-8 


1 00 

9 50 

4-70 

0-80 

0-005 



100-00 

64 ^ 

31-69 

18-49 


8-54 

2 36 

24-52 


1070 

2-25 

1-03 

0-15 

0-02 



99 65 


5-70 

39-20 


2 89 

18-.59 

30-00 

0-60 

2-80 







99-78 

u 

0-60 

41-75 



2211 

31 01 

0 28 

3-16 

0 55 



0-015 

Tr 


99-95 

7 

24-74 

9-53 


6-99 

2158 

21-86 

0 69 

9 23 

2-88 



0-07 

0-01 


100*61 

8 

20-85 

9-93 


5-55 

45 

62 


16-45 

0-73 



• • 



99-13 

9 : 

21-25 

6-30 


ri-B5 

43 45 

0-10 

18-30 

1-65 



0-13 

0-013 

2-60 

99-66 

10 1 

1817 

7-14 


5 31 

35-20 

23-22 

0 46 

7-56 

1-84 



0-07 

1 02 

0-40 

98-75 

n ' 

10-37 

8-17 

0-12 

5-01 

37-35 

28-82 

0-31 

4-23 

4-40 

0-57 

0-12 

O-Oi) 

0 04 

0-47 

100-61 

12 

7-52 

10-21 

0-11 

4 45 

46 67 

22-10 

0-23 

3-13 

2-17 

0-52 

0‘22 

0-07 

0-82 

0 37 

99-28 

13 

4-03 

14-25 

0-20 

6-40 

33-43 

34-58 

0-45 

3 89 

0-65 

0-29 

0-15 

0-016 

0-044 

1-32 

99-75 

14 

2-32 

15-41 


4-06 

73-87 


3-66 

0-13 



0 009 

1-12 


100-88 

15 

Ml 

18-82 


6-18 

39-18 

30-73 

0-46 

4-0-1 




0-08 

0-02 

0*26 

100-95 

16 

7-30 

8-30 


6-93 

72-09 


2-91 

1-b 






99-26 

17 

0 61 

2-41 


39-36 

45.86 

0-55 

7-18 

0-47 



0-22 


1*18 

97-74 

18 

7-75 

41-22 



39-00 

1-40 

7-65 

4-14 



0-32 

0-013 


101*51 

19 

1 91 

40-00 

- 

4-00 

20-35 

29-57 


3-17 

1-00 


. 


■■ 


100-00 

i 


Remarks upon the Tahle 

No. 1, Banded Tertiary gahbro from tlie island of Skye. After A. (Jeikie and .1. .1. H. 
Teall ; Quart. Jour., 181)1. a, (labbro ; 6, dark band ; c, uUia-basit: stieak ; *, KeS. -No. 
2, Titaniferous basalt. After H. S. Wasbington, ‘The Titaniferous Basalts of the Western 
MediteiTaiiean ’ ; ihid. 1907.—No. 3, Alelilith-basalt. Afti'r U. (Jnil)omaiin, Dir Dasalte drs 
Hfiifaus) Dias, /unch, 1880.—No. 4<e, (Jabbro ; No. ba, iioi itc, bolli from the Adiroiidaeks, 
Neu' York; Nos. 46 and bb, segregations in -la and ba respectively; cited by Kemp.—No. 
6rt, bibiudorite ; h, ilmenite-iiorite ; c and d, ilmentite from Ekersund-Soggendal, Norway. 
After V^)gt and KoMerup.- -Nos. 8, 9, and 10, Titanomagnetite-oliviidte from Cumberland 
Hill in luiodc I.sland, afb’r Wadsworth ; and from Taborg and Inglamilla in Sweden, after 
Vogt. —Nos. 11 and 12, Si'gregations in gabbro from Ontario, after Kemp.—Nos. 13, 14, 
15, Titanoniagnetite-spiiiolite from Routivare in Sweden, after W. Petersson, Gcol. Firren. 
Fork., 1893; and from Solnor in Norway; cited by Vogt.—No. 16, Oornndnni-bearing 
titano-magnetitc from Rodsand in Norway ; cited by Vogt.—No. 17, Magnetite-oorundum- 
spinel ore in Cortland norite, tl. H. Williams, Awer. Jour. Sc. XXXIII., 1887 ; J. H. Pj’att, 
ibid. VI., 1898.—Nos. 18 and 19, Ilmenito ores from North Caiolina and St. Urbain, Quebec; 
after Kemp and Adams. 

V20a was determined in 46, 56, 10, 11, 12 to be 0-46, 0*03, 0'33, 0«24, 0«29 per cent 
respectively ; CO.^ in 4a, 46, 5a, and .56 to be 0-12, 0*10, 0*37, 0-32 per cent respectively ; 
Cu in 7 and 9 to be 0'03 and 0'02 j)er cent resjiectively ; NiO in 4a, 11 and 12 to be 0 02, 
0*26 and 0‘31 per cent respectively; CoO in 11 and 12 to be 0*04 and 0*09 per cent 
rcsi)cctively ; Nio-l*CoO in 15 to be 0-07 per cent. 
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This magnesia content may be explained in that the resultant ilmentite, 
at the stage of concentration characterized by ilraenite-norite, encountered 
a magma rich in magnesia. 

Fig. 174 illustrates a similar occurrence in the Lofoten Islands, that 
of segregation within gabl;^ro or anorthite-gabbro. In this case the inter¬ 
mediate stage of titanoniagnetite-pyroxenite is rich in A].p.^ as well as in 
MgO, so that the chemical conditions necessary for the formation of spinel 



therefore in a gabbro rock in the strict sense of the term. 
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Titaniferous magnetite or titanomagnetite consists in many cases of 
a fine or even microscopic mixture of clean magnetite, showing little or no 
titanium content, with ilmenite. There is evidence of this in the following 
figures of magnetic concentration taken from the official report of the 
Norwegian Electro-Metallurgical Commission, I 9 IO. 


No. 

Compositloti of the oro 
treated. 

Fe. TiOo. 

Tons of ore ix*r 
ton of concentrate 
jiriKluced. 

Composition of the 
miiKtietieally-se pa rated 
concentrate. 

Fe. 1 TiOa. 


Per cent. 

Per cent. 


Per cent. 

Per cent. 

20a 

35-1 

7-2 

2-8(i 

00(5 

0-4 

206 

44*7 

71 

2-04 

m-r, 

1-5 

21a 

42 0 

8-5 

200 

68-4 

10 

216 

49-3 

90 

tos 

t)8-8 

1-2 

2lc 

51-2 

7-8 

1-57 

64U 

2-4 i 

22 

t- no 0 

15 0 

212 


2-4 

23 

I- 50-0 

13*5 

1-87 

59-1 

6-3 


No 20, a ^nd b are from Heindalen, near Langfjordon, Molde; No 21, a, b, and c, 
from the neighbouring district of Jtodsand, sec No. 10 and Fig. 177; Nos 22 and 23, 
titanomagnetite-spinelite from 8olnor and Lied, 8ondmore, sec No 14, p. 2r)2 


In these tests the raw ore was reduced to grains with a maximum 
diameter of O-l mm., at which size, in the cases of Nos. 20, 21, and 22, the 
magnetite and ilmenite were in great part separated from one another, 
while in 20a the separation was almost perfect. With No. 2.3 on the other 
hand, seeing that the separation was not so good, the mineral individuals 
were apparently to some extent smaller than the size to which the ore was 
crushed; In a work dealing with the microstructure of the Brazilian 
titaniferous-iron ores' E. Hussak shows that small crystals of ilmenite were 
often aggregated upon the octahedral surfaces of the magnetite, sometimes 
irregularly and sometimes in arborescent form. 

As indicated on p. 252 the segregations of titaniferous iron almost 
invariably carry a small amount of vanadium in the form of V „03 and 
occasionally a little Cr^O.^, NiO, and CoO. The amount of apatite or 
is almost always low also, though to this rule there are exceptions; it 
may indeed sometimes happen that the apatite has become more enriched 
than the iron. The pyrite content also is fairly low. Carbon, apparently 
in the form of graphite, has been demonstrated by Hillebrand* to be 
present in some iron deposits. 

With the titanomagnetite-spinelite, which occurs fairly often in 
Norway and Sweden and which generally contains 7-12 per cent of spinel, 
the spinel as porphyritic crystals was the first to separate, leaving a ground- 

^ Neues Jahrb. f. Min., Oeol., Pal., 1904, J. “ Kemp, loc. cit. 




MAGMATIC SEGREGATIONS 


255 


mass which, neglecting the silicate minerals and ilraenite, consisted of an 
eutectic mixture of magnetite and spinel in the proportion of 97 of 
magnetite to 3 of spinelA 

In the case of some Norwegian occurrences two different segregation 
sequences are found together namely ; first, that of titaniferous-iron 
ore from gabbro rich in iron through titanomagnetite-diallageite and 
titanomagnetite-spinelite; and second, that of ferro-rnagnesium silicates 
from olivine-gabbro through olivine-gabbro with much olivine though little 
iron, through an olivine rook carrying only about 20 per cent plagioclase, to 
peridotite without iron. In such cases two different processes of differentia¬ 
tion must have continued their course concurrently in one and the same 
magma. ^ 

Concerning the occurrence, the arrangement, and the distribution of the 
segregations of titaniferous-iron ore, these in general are similar to those of 
the chromite occurrences in peri¬ 
dotite, that is to say they are not 
peripheral deposits, but occur in 
the central portions of eruptive 
masses. In addition, as illustra¬ 
ted in Fig. 2, they pass gradually 

and on all sides of their , , ,, ,,, 

Fkj. 1/f).- -Streak of titauo • iniignetite - sjnnelito 

central core to normal rock, M.gri.g,aioiis m the lain-.-uioiite or Amiopcn in tiie 
an occurrence explained only 
by differentiation in situ. Still 

more often however, as illustrated in Fig. 175, they occur as irregular 
streaks or even as normal lodes .sharply separate from the eruptive 
rock. In this connection the so-called ‘ Storgang ’ at Soggendal, a lode 
of ilmenite-norite in labradorite, is worthy of special mention. This 
occurrence which has a length of 2-5 3 km. and a width of 30- 60 m. 
possesses, as illustrated in F'ig. 1 , the proper tabular form of a dyke. 
Differentiation in this case must have taken place in depth, after which the 
resultant ilmenite-norite magma was extruded like any ordinary diaschist 
rock-magma through the. already solidified labradorite. This explanation 
has already been given for the streaks or lodes of chrome-peridotite or clean 
chromite in peridotite. The occurrences of titaniferous-iron ore found 
in the old crystalline schists occasionally give evidence of great deforma¬ 
tion under pressure, the pyroxenes being often completely uralitized. 

Titaniferous-iron deposits occasionally reach very considerable dimen¬ 
sions as the following figures show : 

I ^ ^ 

' Vogt, loc. cit. p. 250. 

* Vogt, Zeit. /. 2)raki. Oeol, 1900, p. 233 ; Ancht-eutekliscke und ancU-monoiiiineralischt 
Eruptivgejiteine, 1008. 
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Deposit. 

Superficial Extent. 

Fo. 

TiOa. 

Routivare in Sweden— 
Titanomagnctite-spinelito 

300,000 sq. m. 

Per rent. 
60 

Per cent. 

+ 13 

Taberg in Sweden— 

Titanomagnetitc-olivinito 

« 

260,000 ., 

31 

f 6 

Storgang in Norway— 
Ilinenitc-norite 

125,000 

20 

tl8 


The greater number however are substantially smaller, while some 
are quite small. In Norway for instance there are a large number of 
these deposits with areas of GO- 5000 sq. m. or even less. 

The ores of the above-named deposits were formerly and from time to 
time smelted in the usual manner in blast furnaces. At the beginning of 
the nineteenth century for example fifteen small furnaces of this type were 
fed exclusively with ore from Taberg. To-day however thc.se ores are of 
little economical importance, partly on account of their com])aratively 
low iron content but also because of the high amount of titanic acid 
contained which, particularly if some magnesia be present, renders them 
difficult to fuse. Vogt however is of opinion that the effect of the 
titanium upon the fuel consumption has been over-estimated ; he also 
points out that from some of the deposits a rich iron concentrate may be 
obtained by magnetic separation. 

Ilmenite ores with 35-40 jrer cent of TiO.^ and approximately the 
same amount of iron, are used to a small extent for the production of 
titanothermit, ferrotitanium, ferrosilicon-titanium, etc.; while by fractional 
reduction in the electric furnace titanic acid may be obtained. The 
most important occurrence of such ilmenite ores are found at Ekersund- 
Soggendal in Norway ; in the large labradorite districts of Canada ; and in 
the Adirondacks of the United States. 

The Occurrences in Norway 

LITERATURE * 

VoOT. Loc. oit. and Archiv fiir Mathem. og Naturv. XII., 1887; Geol. Foren. Forh., 
1891. See also Vogt’.s Norgea .Ternmalmforokomster, Norwegian Geological Department, 
1910, No. 51.—C. Fk. Koldekup. Bergcna Museums Aarbog V., 1896; and in addition 
other earlier works. 

The best knownof these occurrences are the important deposits at Eker- 
sund-Soggendal on the south coast. As indicated in Fig. 143, an eruptive 
field or petrographical province extends here over about 1450 sq. km. upon 
land and over an unknown area below the sea. In this a large number of 
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closely-related eruptive rocks occur, among which labradorite, norite and 
quartz-norite, monzonite, banatite, adamelite, hypersthene-granite, etc., in 
addition to many dyke rocks, are worthy of remark. Within the labra¬ 
dorite, difierentiated lodes of ilmenite-norite occur, as illustrated in Fig. 1, 
as also do streak-hke segregations of ilmentite, some of which are also 
found in the norite. Analyses of this labradorite, ilmenite-norite, and 
ilmentite are given on p. 252 under Nos. Go, 66, 6c, and (>d respectively. 

In Fig. 15 the occurrence of such segregations at Blaafjeld in the neigh¬ 
bourhood of Soggendal is illustrated, while in Fig. 176 the streak-like lode 
of that occurrence is given later on a larger scale. These deposits are 
accompanied by dykes of norite-pegmatite and traversed here and there by 
later basic diaschist dykes from the same 
eruption. In this district which contains 
a considerable number of these titanifer- 
ous-iron deposits, about 100,000 tons of 
ore with 36-40 per cent of titanic acid, 
and from 36-38 per cent of iron have 
been obtained. 

Another field extending from Rod- 
sand toFanestrand in the neighbourhood 
of Molde, presents many interesting 
features. Within an Archaian granite 
area, 50 km. long and 10 km. wide, a 
aeries of small schistose gabbro segrega¬ 
tions appear, within at least six of 
which a number of segregations of 

titaniferous iron are found, generally with about 60 per cent of iron 
and 7 -9 per cent of titanic acid, and at Riidsand with 1-2 per cent 
of corundum. This occurrence is illustrated in Fig. 177 and an analysis 
of a selected sample of the ore is given under No. 16, p. 262. It 
would appear in this case that otit of a granitic stock-magma a gabbro 
fractional-magma was first separated from which again by further differ¬ 
entiation the ore-deposit arose. 

In addition, similar deposits of titaniferous iron are known in at least 
thirty other areas in Norway. 



F](!, 


17t> —Streak-hke lode ol ihnenito in lab- 
adorite. Jilaiiljchl near Soggendal. 


Tun OcOURRENCBS IN SWKDEN 

The mountain of ore at Taberg described as early as 1806 by .1. Fr. L. 
Hausmann i and later more particularly by A. Sjogren and A. E. Tornebohm 
is well known. In the central portion of a relatively small area of 
1 Heise dutch tikandinavien. ^ Geol. Form. Fork, 1876, 1881, and 1882. 

VOl. T S 
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olivine-hyperite -olivine-gabbro with oplutic structure—a ridge about 1 km. 



long and 400 m. wide rises 
about 130 m. above its sur¬ 
roundings, this prominence 
being, due to the greater power 
of resistance which the material 
of this ridge, consisting chiefly 
of titano - magnetite - olivinitc, 
was able to present to the de¬ 
structive effect of the atmos¬ 
pheric agencies. In this occur¬ 
rence, which is diagrammatic- 
ally illustrated in Eig. 2, the 
ore contains only about 31 33 
|>er cent of iron. It was 
formerly worked in opencut. 

At Routivare in northern 
Sweden another mountain of 
ore about 1600 m. long and 
200-3(H) m. wide likewise 
rises 160 -180 m. above its 
surroundings. The country- 
rock appears to be a foliated 
and altered labradorite though 
gabbro also occurs. The ore 
itself is substantially a titano- 
magnetitc - spinelite composed 
of magnetite, ilmenite, spinel, 
olivine and a pyroxene 
mineral. An analysis is given 



Fio. 177.—Map and section ol the Rodsnnd iniiunj' 
Vogt, Zeil. f. pmkt. deoL, 1910, p. 65. 


under No. 13, p. 252. As seen 
from Fig. 178 the outline of 
this deposit is very indented 
and the occurrence is probably 
that of a streak on a large 
scale.' 

In the small area, presum¬ 
ably of ncpheline-syenite, at 


Alno several of these deposits occur, sotne of which are distinguished by 


containing a considerable amount of apatite, up to 16-47 per cent of P.20j-.“ 


1 W. PetersHon, Hj. Sjogron, Oe.o}. Foren. Fork., 189.3. 
* A. O. Ildgbom. Oeoi Foren. Fork, 1805. 
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Occurrences in Brazil.* The nepheline-syenite of Jacupirango and 
Ipanema in the province of Sao Paulo also carries deposits of titaniferous 
iron.i In some of these, carrying more CaO, the titanic acid occurs in part 
as the mineral perovskite, CaTiO,,.! 

Occurrences in Canada. —In the extensive anorthosite areas of 
Canada many deposits 'of ilmenite occur with 32 to 50 per cent of 
titanic acid. One analysis of these is given under No. 19, p. 2.52. Some, 
as that at the Saguenay River near Morin, north of Montreal, and that 
at St. Paul’s Bay, 80 km. from Quebec on the St. Lawrence River, reach 
great dimensions. One on the north bank of the Saguenay River between 
Chicoutimi and St. John’s Lake is 75 m. wide. 

Occurrences in the United States. —At Sandford Lake in the 
Adirondacks. in the state of New York, deposits of titaniferous-iron ore of 



large dimensions and similar to those in Canada occur, in regard to which 
reference is recommended to the above-quoted work of Kemp, and to other 
works by that author and by Adams.- 


3. Deposits of Iron Ore and Apatite-Iron Ore in Acid Rock.s 

These deposits are free or practically free from titanium and occur in 
granite or other acid cniptive rock. The Scandinavian Peninsula contains 
many important deposits, some even gigantic, consisting chiefly of mag- 

' 0. A. Derby, Amer. Jour. Sc., 1891 ; Quart. Jour., 1891; K. Hussak, Neucs Jahrb. 
f. Min., Oeol. vnd Pal., 1892, II.; Mineral Mag. XL, 1895. 

^ Kemp, ‘ Tlio Titaniforous Iron On's of the Adirondacks,’ U.S. Oeol. Snrv. Ann. Pep., 
1897-1898, 111.; Zeit. f. prakt. Oeol., 1906, pp. 71-80; ami * The Orc-Depoaita of tho United 
States and Canada.’ In this latter tho Canadian literature of recent years, especially tho 
work of Adams is fully quoted. 
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netite and subordinately of specularite, which occur in foliated granite, 
granite-gneiss, or other acid eruptive rock, and which may be regarded as 
of magmatic origin. To this group belong the economically and scientific¬ 
ally equally important deposits of Kiirunavaara-Luossavaara, Gellivare, 
etc., in northern Sweden, and the important field of Sydvaranger in 
Norway, besides many smaller deposits in the Lofoten-Vesteraalen 
Islands, and those of Lyngrot and Solberg in the neighbourhood of 
Arendal and Tvedestrand. 

The deposits here included vary however not inconsiderably in minera- 
logical and geological character. They form therefore no such sharply- 
defined group as the chromite and the titaniferous-iron deposits already 
described, nor as the nickel-pyrrhotite deposits yet to be described. In 
addition they in part at least have not been sufficiently investigated, so 
that different views as to their genesis are at present hold. A general 
review of their common properties is therefore not given but the description 
is limited to the more important individual occurrences. Those in Norway 
are described first because genetically they are the more simple. 

Norway 

LITERATURE 

J. H. L. VoQT. Norgea Jornmalmforkeomster. Norwegian Ueologieal Department, 
1910. No. 51. 

The deposits which here receive consideration may, according to 
Vogt, be divided into the two following subdivisions, though these are 
connected by intermediate grades. 

(A) Occurrences with fairly clean iron ore or apatite-iron ore, generally 
with 56 to 65 per cent of iron, though occasionally with as much 
as 68 per cent. 

(6) Occurrences of iron ore banded with (juartz, hornblende, epidote, 
etc., and containing on an average only 35 per cent of iron. 

Both classes occur in granite-gneiss fairly rich in orthoclase-micro- 
cline and belonging to the fundamental crystalline schists. 

Close to the south coast of Norway, at Lyngrot and Solberg, a granite 
rich in potassium-felspar and containing about 74 per cent of SiO.,, carries 
a good deal of magnetite in certain zones, forming thereby a rock termed 
by Kjerulf and Dahll ^ Eiseiigranilel. The clean magnetite, as indicated 
in Fig. 179, often forms narrow streaks a millimetre, a centimetre, or an 
inch thick, though in places these become thicker and thicker till finally 

‘ Th. Kjerulf und T. Dahll, ‘ Ueber daa Vorkommen dor Eisenerze bci Arendal, Nas 
und Kragero,* Neucs Jahrb. f. Min., Oeol., Fal.^ 1862. 
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such large masses arise as necessitate separate mines for their exploitation. 
Work at Lyngrot and Solberg, abandoned between 1860 and 1860, reached 
a depth of about 150 m. The ore at the latter mine situated quite close 
to the smelting works at Nils near Tvedcstrand, contained on an average 





F[<i. 179.—BiiiuU of magnetite ni granite. Lyngrot. One-balf natural si/-e. Vogt. 


60-68 per cent of iron, 0'03-0-05 per cent of phosphorus, and a 
minimal amount of titanic acid. Minerarogically the occurrence is 
peculiarly interesting in that crystals of zircon up to a centimetre in 
size were found embedded in the magnetite. At Lyngrot the ore is usually 
much mixed with apatite, this 
mineral occurring partly in grains 
of millet- or pea-size but also in 
pieces as big as the fist. The 
occurrence in this respect is such 
that the ore might often be mis¬ 



taken for the apatite-iron ore of Fio. iso.— BmhU of magnetito m foliated granite. 

T iTi* •• • Solberg, near NiiS. 

(jellivare. In addition it carries 

some hornblende, mica, felspar, quartz, etc. Occasionally also a breccia 
occurs in which fragments of all the minerals named are found together 
with pieces of the foliated granite. This breccia, illustrated in Fig. 181, 
is similar to another occurrence at Norrbotten yet to be described. 

At Sydvaranger in Finnmarken in northern Norway, at a latitude of 
69-6°, near the Russian frontier, there are occurrences of quartz-banded 
magnetite with about 35 per cent of iron, some of which are extremely im¬ 
portant more particularly by reason of their dimensions. These deposits 
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are found within an area 15 km. long and 2-5 kin. wide of red foliated 
Archasan granite with numerous occurrences of intermediate and basic 
eruptive rocks, such as quartz-amphibole schists, gabbro, and in places 
serpentine. The ore is generally an intimate alternation of layers from 
1 to 5 mm. thick, these layers consisting respectively of magnetite with 



Fig. 181.—Haiul specimen Irom Lyngrot, showing angular fiagineiits of granite (lightly 
dotted) ceinentcil hy magnetile (black), by apatite (white), and by hoinblendc (hatehed). One- 
hiilf natural si/e. Vogt. 


some quartz and hornblende, and of quartz with some hornblende, 
magnetite, and occasionally some secondary epidote. This banded ore, 
illustrated in Figs. 183 and 184, is often folded and crumpled. The com¬ 
position of the ordinary ore is indicated under No. 1 of the analyses given 
on page 264, while under No. 2 the result of an especially rich sample 
is given. The figures under Nos. 3 and 4 belonging to geologically 
similar ore from Fiskefjorden in the Lofoten Islands are given for 
comparison. 
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1 

Sydvaranger. 

FIskefjorden. 


No. 1. 

No. 2. 

Xi) 

.Nil. 4. 

' 

. . 

3(i7l 

40-0() 

• 42-03 1 

38-50 

FeO . . . 

15-40 

17-82 

20-18 / 

SiO. . 

AIjO, . . 

4:i-92 

.■!.7-42 

30-0.7 

50-28 

os:i 

1-54 

2-41 

4-81 

MnO . 

0-58 

0-48 

0-17 

0-22 

MgO . 

J12 

2-60 

1-02 

3-08 

CaO . . . 

0-48 

2-16 

2-13 

2-02 

PjO, . . . 

0-07 

0-08 

0-23 

0-56 

S . . . 

0-04 

003 

0-10 

0-36 ’ 

TiOj . . . 

0-08 

009 

0-33 

0-26 

Totals . 

1)9-23 

; 100-27 

99-83 

100-08 1 

Iron . 

37-68 

41-94 

45-54 

27-88 

^1 . . ;.> 

In fKl<iitlon No. 4 also contains 0 01 per cent of copjfer. 

-- 


The ore-bodies at Sydvaraiiger have very variable extension. Some 
are quite small, 1 m. long by 0'‘2 m. wide, while others attain very consider¬ 
able dimensions. Thus the principal occurrence at Bjomevand, 8 km. 
from the port of Kirkenas, as illustrated in Pig. 18.5, has an unbroken 
length of approximately 3 km. with a width from 30 to 150 m. 

The composition of the ore is usually fairly uniform and the iron 
content generally keeps between 30 and 38 per cent. Exceptionally some 
sections occurring in the deposits at Ornevand and consisting of magnetite, 
hornblende, and a little epidote, contain from 48 to 56 per cent of iron 
with an average of 52-53 per cent. The separation of the ore from 
the granite is always very well defined, sometimes even strikingly 
so. The ore-bodies are crossed by dykes of granite and of a coarse¬ 
grained diabase which is partly fresh and partly very decomposed. Simi¬ 
larly to the occurrences at Taberg, Kiirunavaara-Luossavaara, and 
Duuderland, here also the larger deposits on account of their greater hard¬ 
ness and resistance stand out as prominences and ridges these naturally 
being higher the greater the mass of the deposit. 

The total extent of these deposits is about 1'25 million square metres. 
On an average they contain about 35 per cent of iron, 0-04 per cent phos¬ 
phorus, 0-03 per cent sulphur, and a trace of titanic acid. If only ore- 
bodies of greater length than 300 m., of width not less than 25 m., and with 
at least an average of 34 per cent of iron be considered, the extent would 
be some 760,000 square metres. Richer bodies than these with an average 
of 62-63 per cent of iron probably occupy only about 6000 square metres. 

Approximately 100 million tons of ore with 36 per cent of iron may be 
worked in opencut, and of this amount about 32 millions at Bjomevand 
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lie above the level of the railway there. Putting all the occurrences 
together the total amount of ore is estimated at about 2-5 million tons of 35 



Ft<}. 1.S3. -'-JIaiiil siieuirncn of the (luartz-liainled iion ore from Sydvaraiiger. 
'I'liree-qiiartei!' natural size. VoKt. 

pet cent ore per metre of depth, and in addition 20,000 tons of 52-53 per 
cent. Since the larger bodies extending to 3 km. in length have un¬ 
doubtedly a considerable extent in depth, the total quantity to a depth of 
400-500 m. may be estimated at about one milliard tons with 35 per cent 



Fig. 184.—Microscopic slide of tlie Sydv.aTaiiger ore, magnified twenty-five tinie.«, showing 
magnetite (black), quartz (white), and hornldende (singly and tloubly hatched). Vogt. 

of iron. Such an estimate is however for the present only of theoretical 
interest. 

The poor magnetite ore being free from specularite allows itself to be 
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readily concentrated by wet magnetic processes. To produce one ton of 
concentrate containing 67 per cent of iron and 0-008 per cent of phosphorus, 
about 2-3ton8 of ore containing 35 per cent of iron are necessary. Important 
equipments are now in the course of erection from which, beginning with 
the year 1911, it is expected to produce about 6(X),000 tons of concentrate 
and briquettes annually. 

Lofoten-Vf.stkraalen.- In the Archa3an granite district of the 

Lofoten Islands, the position of 
which is indicated in Fig. 188, a 
number of ironfields are known, 
among which some, as for instance 
those of Fiskefjord, Blokken, Siger- 
fjord, Oksfjord, (lullcsfiord, etc., on 
the island of Hindi), carry magnetite 
or specularite banded witli (juai'tz to 
the extent that the average iron con¬ 
tent is 30-35 per cent. (Jeologically 
these deposits possess a remarkable 
similarity to those of Sydvatanger ; 
that of Fiskefjord is illustrated in Fig. 
186. Other occurrences such as the 
small deposit at Smorten, illustrated 
in Fig. 187, and those of Jorendal, 
Madmoderen, etc., are. of richer ore 
mixed in smaller amo\mt with 
hornblende, biotite, augite, <juartz, 
and felspar, like the occurrence at 
Solberg near Tvcdcstrand described 
Fig. )85.—Map of tlie Bjonievund (Hjorne by Vogt and SjOgren.^ 

The occurrences now being de¬ 
scribed, of which including the smaller 
ones there are thousands, all occur in foliated granite with which rock they 
are genetically closely related; they are not younger deposits hydro- 
chemically formed after the solidification of the granite. The richer occur¬ 
rences of the Solberg-Smorten type as well as the banded ores typically 
developed at Sydvaranger and Fiskefjord are occasionally traversed by 
younger or later granite dykes. The formation of the ore consequently 
took place in the magmatic stage of the granite. This, in connection 
with the absence of pneumatolytic and contact-metamorphic minerals, 

* Vogt, ‘ t)ber magmatischo Ausscheidungen von Eisenerz im Granit,’ Zeit. /. prakt, 
0ml., 1907 ; Hj. Sjogren, ‘ tfbor dio Eisenerze im Granit auf Lofoten und die Parallel- 
struktur dor gebanderten Eisendlirrerze,* 0ml. Fdren. Fork., 1008. 
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according to Vogt, suggests an origin by peculiar magmatic differentiation 
plienomeua. 

Typical representatives of both kinds of ore are found together in the 



b’lo. 18H. iron ore iii loliateil granite. Section at Nedrev.iini near 

Fiskcljord. ilin<l(). /lai'./. pnikt. (I'eoL, 1907, p. 88. 

large granite area of Lofoten-Vesteraaleu. The occurrence of rich magne¬ 
tite-hornblende ore within the ])oorer banded ore of Sydvaranger also 
indicates that both kinds of deposits have broadly speaking the same 
origin. To what genetic processes however the difference in detail between 
the two ores is due cannot yet be said. From time to time with the 



Kig. 1<S7.—Section of iron ore in giamto at SinoiLcu, in tlie Ijofoten Ixlainls, sliowing 
magnetite (ft), red granite with streaks ol iron ore (6), sclii.stose gvanile (c), and red granite (d). 
Vogt, Xeit,/, pmU. Oed., 1907, p. 88. 


deposits of the Solberg-Smorten type petrographical gradations between 
granite and ore occur, these gradations consisting of granite with varying 
amounts of magnetite, the Eisengranilel of Kjerulf and Dahll. The 
analogous gradations between granite and the banded quartz-magnetite 
have not yet been observed. 

Hj. Sjogren in 1908 endorsed the view originally put forward by 









Fig. 188.—Map of the Norrbotten iroufield in Northern Sweden and the deposits in the adjoining portion of northern Norway. 

In Norrbotten K=Knninavaara, L = Luossa\aara, T=Tuolla\a«ra, Ek = Ekstromsberg, I>e = Leveanjeim, P=Painirova, Glvs=6ellivare, N^Nautanen, 
copper or«. At Routivaara the deposit is one of titanomagnetite-spinelite. In Norway ; in the granite of the Lofoten and of. Hii\do, the occurrences of 
nch ore are indicated by dots, and that of quartz-banded ore by iron symbols. S=Smorteii, M = Madmoderen, F=Fi8kefjord, 0=OksQord. In addition, 
occurrences of magnetite-quartz schist and iron-mica schist which belong to the Dunderland type are indicated by small circles. 
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Vogt that the banded quartz-magnetite deposits in the Lofoten Islands 
were formed by magmatic differentiation. He regarded these ores as 
epigenetic deposits which previously to extrusion were concentrated in 
depth hy differentiation within the magma. The ferruginous magmatic 
material kept in solution by the help of water and other solvents 
was then afterwards forced into the position it now occupies. For 
this procedure Sjogren, in analogy with the term diaschist, proposes the 
term diamagmatic. 

It must here be remarked that the magmatic differentiation, as in 
the ca.se of the chromite and titaniferous-iron deposits also, took place 
in many instances not where the deposits are now found but in depth, 
and that later an upward injection of the differentiated materials followed. 
Such magmatic streaks and lodes are in general to be regarded as differ¬ 
entiated lodes.^ The newer name proposed by Sjogren appears therefore, 
and particularly for the quartz-banded ore, to be but little apt. 

The previously mentioned titaniferous-iron deposits of Rodsand- 
Heindalen containing roughly 8 per cent of TiOj,, together with the banded 
quartz-magnetites and the rich iron- and apatite-iron ores free from 
titanium, all occur in granite areas, but with this important difference 
between them, that while the former are always bedded in amphibole- 
or in gabbro-schists, the latter occur right in the granite. This fact 
justifies the assumption that these latter have not passed through an 
intermediate stage in a gabbro-fractional-magma as have the occurrences 
at Kodsand, but that they, by strongly active differentiation, have 
separated directly from the granite magma. 


Norrbotten in Northern Sweden 
LITEEATURB 

Official Keptirts, Swedish Commission. Schowd, Geol. Unters., printed 1877 ; 1890, 
Hj. Lttndbohm, 'I’li. Nordstrom, A. Sjogrkn ; 1892, ITj. Lhndbohm, A. Sjogrkn, Fb. 
SvKNOsitJS ; Scr. C., No, 175,1898, Hj, Lvndboiim ; Sor. i'.. No. 18.‘h 1900, W. Petebsson, 
Fk. Svenonius. —Numerous papers in Gcol. Kdrcn. Forh., among others by Fb. Svknonitjs, 
1885; A. E. Tornebohm, 1889, 1891 ; 0. 'J'orell, 1890; H. von Post, 1890, 1891; G. 
Lofstrand, 1890, 1891,1894; A. Sjogren, 1891; J. Laokruhen, 1891; Hj. Lundbohm, 
1891, 1898; K. A. Fredholm, 1804 ; H. Backstrom, 1898, 1904 ; A. G. Hogbom, 1898; 
H. Johansson, 1906, 1907, 1908 ; Hj. Sjogren, 1900,1908. —P. Geuer. Bull. Geol. Inst, 
of Upaala, VlII., printed 1908.—Several special technical articles in Jemkontorets 
Annalor, Stockholm, amongst others by A. Dkllwik, 1906, and official reports in 1907. — 
J. H. Ij. Vogt. Norsk Teknisk 'Hdaskrift, 1897, 1898. — Norwegian Official Report, ibid., 
1898.—Reviews in Stahl and Eison, 1899 and 1903.— L. dbLaunay. Ann. des mines. Paris, 
1903.— 0. Stutzrr. Zoit. f. prakt. Geol., 1906; Neuen Jahrb. f. Min., Geol, Pal XXIV., 
1907, in this last a full bibliography. 


^ Compare the nomenclature of Brogger, Die Oesteinc der Gronidit-Tiufjuad-Herif't 
1894, p. 125. 
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Besides the enormous deposit Kiirunavaara-Luossavaara at Kiruna, 
the huge occurrence Gellivare, and the somewhat smaller deposits 
Ekstrorasberg, Svappavaara, Leveiiniemi, Merteinen, Tuollavaara, etc., 
many other smaller occurrences are found in Norrbotten, the most 
important of which are indicated in Fig. 188 by dots. 

Within this ironfield both eruptive and sedimentary rocks occur.- 
Among the first are found; granite with gneiss; a whole number of syenite 
varieties including syenite-porphyry, syenite-granulite ; gabbro with 
diabase, etc.; while in places (piartz-porphyry also oceurs. Among the 
sedimentary rocks are found slates, quartzites, and conglomerates, which 
to all appearances are of Cambrian or perhaps of pre-Cambrian age. The 
rocks of the syenite group are in part older and in part younger than the 
Kiirunavaara conglomerate, this conglomerate being the most important of 
the sedimentary rocks. The deposits are mostly connected with syenite- 



Fig. 1S9. -Tliii iron ticposil.s of Kiruna. V. Goiicr, 1908. 

1, ; 2, older seilmuiiils; 3, '<yf‘iiite .md kci-atoidijie, 4, ijiiart/.-keratophyn*, 

[», youn^^er sediinmits. 


porphyry, particularly with the varieties keratophyre and quartz- 
keratophyre, but also with syenite-granulite and granite-gneiss. 

Kiruna. —This deposit concerning its mass and metal content is 
unique. Although not absolutely unbroken, it nevertheless extends, as 
shown in Fig. 189, practically continuously for a length of about 8 km. 
•In the immediate neighbourhood of the ore-body a number of sodium- 
syenite varieties occur, a quartz-keratophyre with 71 per cent silica forming 
the hanging-wall, and a keratophyre with 61 per cent forming the foot-wall. 
This latter rock towards the west passes over to a sodium-augite- 
syenite, with the augite almost completely altered to hornblende, the rock 
however still containing about 60 per cent of silica. In the hanging-wall 
beyond the quartz-keratophyre the so-called Haukis schists occur, 
these consisting of conglomerate, vesicular diabase, and quartzitic sand¬ 
stone.' 

The ore-deposit itself consists chiefly of magnetite and subordinately 
of specularite; it also generally contains a considerable amount of fluor- 
apatite. Reckoning the amounts of Fej, 03 , FeO, and CaO together. 
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these make 96-98 per cent of the entire ore-body. The remainder 
consists of 1-2 per cent of SiO.^, 0-l.'5-0-8 of TiO^, 0-2-1-0 of Al^O^, 0'4-l'2 
of MgO, 0-15-0-5 of MnO, O-Ol 5-0-05 of S, etc. The magnetite is generally 
extremely fine-grained, very compact, and very hard. The apatite exists 
partly as microscopic crystals within the iron ore and partly as veins and 
streaks as Tnuch as and sometimes more than an inch in thickness, as 



Fig. 190. -Streaks of apatite (white*) in luagiietite (hlack). Magnetite breccia m apatite. 
One-third iiatuial size. Stntzer, 1907. 


illustrated in Fig. 190. The deposit consists of two portions, the larger 
known as Kiirunavaara lying to the south, and the smaller known as 
Luossavaara to the north, with Lake Luossajarvi between. The length 
of the, Kiirunavaara body upon land alone is 3-5 km. but if the con¬ 
tinuation acr().ss the lake be included it is 4-75 km. The dip varies between 
48° and 64° to the east, and the width between 28 m. and 145 m., this width 
being ])ractically free from bari'cn sections. At Luossavaara the ore- 
body has a length of about 1500 in. with a width of from 25 to 58 m., the 



Flu. 191.—Section of the Kiirunavaara ilcpoMt through one of the suniimts of llie range. 

average dip being about 65° to the east. The outcrop at Kiirunavaara 
forms the back of an extended ridge, a section of which is given in Fig. 
191 ; at Luossavaara it forms the summit of a rounded hill. This promi¬ 
nence of the deposit is explained by the greater resistance of the extremely 
hard and compact ore to atmospheric agencies, as compared with that 
presented by the rocks. The ridge at Kiirunavaara seen from a distance 
appears indented like a saw, with points which raise themselves one after 
the other to heights of 82,178, 229, 248, 218, 179, 178, 206, 238, 239 and 
207 m. respectively above the lake, which itself is about 500 m. above the 
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sea. In the depressions between these heights the width of the deposit is 
generally considerably smaller, a feature which by some investigators was 
regarded as indicating a decrease of width in depth. It is however more 
rationally explained by the greater success achieved by the forces of 
erosion where this resistant body was less wide. 

The separation between the ore and its walls is generally very 
sharp, though in one place on the north-western slope of Kiirunavaara 
towards the lake, a breccia consisting of fragments of porphyry cemented 
by numerous veins of ore is observed. It is finally to be remarked that 
veins of apatite and ore, with tourmaline, zircon, quartz, etc., occur also in 
the hanging-wall porphyry east of Luossavaara, these veins according to 



Fl(t. 192.—^Tlie deposits of the Gelhvare <listnct. Jernkontoreta Annaler, 1906. 


Geijer exhibiting fluidal structure. In the foot-wall porphyry again, 
cracks and cavities are found occupied by ore, hornblende, titanite, etc. 

Gellivare. —In this district, 6-7 kin. long and 2 km. wide, many 
larger and smaller deposits appear. The country-rock is a variety of gneiss, 
rich in felspar and generally red in colour, though hornblende-gneiss, 
biotite-gneiss, and sillimanite-gneiss also occur, the latter usually in actual 
contact with the ore. In close connection with these undoubted eruptive 
occurrences of gneiss, altered granite and granite-gneiss also occur, while 
dykes of granite-pegmatite traverse indifferently the gneiss, granite, and ore. 

The ore-bodies are lenticular and conformably interbedded with the 
gneiss in which they occur. The la-gest among them have lengths from 
260 to 600 m. or even exceptionally to 800 m., and horizontal extents from 
3200 to 42,000 square metres. In addition there are many which are 
smaller than this and which possess only some 1000 square metres of 
horizontal extent. 
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The ore as a rule is fairly coarse-grained and in consequence of an 
alternating admixture with fluor-apatitc, hornblende, angite, and mica, 
it appears streaked and banded. In some places corundum has been 
found, while fluorite, and zeolite have been established as rarities. The 
iron content is high and apatite is in most places })rc3ent in considerable 
amount although the average phosphorus content is not quite so high as 
is the case at Kiruna. The iron ore, which is generally magnetite and less 
frequently specularite, constitutes together with the apatite 91-90 per 
cent of the mass, the remainder consisting of per cent SiO,„ ()-2-0-.'j 
TiO,„ 0’0-1’2 Al„0,j, O'l-TO MgO, and 0'03-i)-00 jier cent of sulphur. 



Kiu. 193.---Oru breccia I'lom Mertaineu ( Oiisislinj' of fragments of syenite-iiorpliyry cemeiitcil 
by iiiagiH'tite. \V. IVtcr.ssoit. 


The numerous other deposits in this district occur chiefly in syenite- 
porphyry and syenite-granulite. Similarly to Kiirunavaara and Gellivare 
these also are distinguished by a high iron content and by containing much 
apatite. In their geological relations too, they agree in most cases with 
those at Kiruna but with this difference, that the breccia found in places 
with some of the other occurrences is much more extensive in these. The 
deposit at Mertaineu occurring in syenite-porphyry for instance is as a rule 
made up entirely of this breccia, veins of magnetite ramifying in all directions 
and enclosing fragments of the syenite-porphyry in the manner illustrated 
in Fig. 193. 

The following table gives the particulars of the horizontal extent of 
these gigantic occurrences and the quantities of ore corresponding to one 

VOL. I T 
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metre of vertical depth, the deposits mentioned standing at a fairly high 
angle. 


1 ... 

1 

] 

Area of Horizontal 
Extent. 

Quantity of Ore 
per metre ot depth. 


1 

fiq. in. 

tons. 

Kiruna ! - * 

28d,000 

1,287,000 

( Luos^avaara 

25,0<)0 

112,500 ; 

Gellivare (excluding 60,000 m. of 

pooroi material) .... 

18,5,000 

550,000 i 

Ekatrorasberg. 

.50,000 

200,000 

Svappavaara . 

.50,000 

190,000 1 

Leveaniemi. 

32,000 

128,000 ; 

Mertaincn. 

10,000 

40,000 1 

_ J 


The ore from Kiruna and (lellivare, according to the amount of 
phosphorus contained, is divided into the following principal classes, in 
addition to which there are a number of intermediate or sub-classes. 

(a) Kirunn. 

A'Ore, with le.ss than 0*05 per cent phosph<jrua and about 08 per cent iron. 

B-ore, with a innxinium of 0-10 per cent phosphorus and about 08 per cent iron. 

C-ore, with a maximum of 0-60 per cent phosphorus and about 60 per cent iron. 

I)-oro, with from 0'75 to about 2-5 per cent phosphorus and from 60 to 66 per cent iron. 

F-ore, with from 2 to 3 per cent phosphorus and from 55 to 00 per cent iron. 

G-ore, with more than 2-5 per cent phosphnnis and from 55 to 00 per cent iron. 

(6) Gellimre. 

A-orc» with less than 0-035 per cent phosphorus and about 68 jicr cent iron. 

C'oro, with from 0-035 to 0-8 jier cent phosphorus and from 62 to 66 ))er cent iron. 

D-ore, with more than 0-8 per cent phosphorus and about 62 jier cent iron. 

Only a relatively small portion of the entire output of these two moun¬ 
tains of ore is low in phosphorus. The bulk from Kiruna contains 
1-6-2 per cent and that from Gellivare about 1 per cent. Both mines 
therefore chiefly produce Thomas ore. 

Concerning the quantity of ore probable at Kiirunavaara there has 
been much discussion. It was maintained by many that from the smaller 
width of the ore-body in the depressions in comparison with the greater 
width at the heights, and from the results of some bore-holes put down 
before the year 1898, that the ore in depth would fairly quickly disappear. 
Vogt in 1898 strongly opposed this view and it has since been proved, 
partly by other bore-holes and partly by magnetic survey, that this ore 
does in fact extend to considerable depth. The deposit indeed may be 
regarded as a magnetic wall striking north-south and dipping 60° to the 
east. The upper magnetic pole, according to the comprehensive magnetic 
work of V. Carlheim-Gyllenskold,* lies at a depth of approximately 
100 m. below the outcrop, while from the course taken by the lines of 

‘ Jernhonlorele Annakr, 1007. 
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magnetic force the centre may be calculated to be about 1100 m. below this 
outcrop. The total extension in depth may therefore be estimated to be 
some 2200 m. Above the level of Lake Luossajarvi the quantity of ore in 
the combined occurrence Kiirunavaara-Luossavaara according to different 
estimates lies between 233 million and 292 million, or in round figures 
250 million tons, and the total quantity to a depth of 300 m. below that 
level, 750 million tons. These figures may be compared with those 
previously given on p. 196 for the quantity of ore originally in the deposit. 

From the opening of the GelUvare-Lule& railway, 211 km. long, 
in 1888 and up to and including the year 1908, 13-1 milUon tons of ore 
were shipped from Gellivare. Similarly, from the opening of the Kiirun- 
avaara-Norvik line in 1902, and up to 1908, 8-4 million tons were shipped 
from Kiruna. The output for the year 1908 itself from Gellivare was 
869,000 tons, while that from Kiruna was 1,649,851 tons. This latter cor¬ 
poration however has the intention to increase its output from and includ¬ 
ing the year 1916, to 3-2 milhon tons of ore containing 2 million tons of iron. 

The genesis of these occurrences in Norrbotten has long been a disputed 
(question, that of the deposits at Kiruna especially having provoked much 
discussion. According to the view formerly held in Sweden the porphyry 
was regarded as sedimentary hiilleflinta and the ore as a sedimentary 
deposit. The eruptive character of this so-called hiilleflinta was recognized 
however by Tornebohm in the year 1889. Some authorities, and among 
them more particularly Backstrom in 1898 and de Launay in 1903, 
considered the different occurrences of porphyry to be sheets and the ore 
to be younger than the porphyry in the foot-wall and older than that in 
the hanging-wall. The deposit was then regarded as sedimentary and the 
accretion of ore as having arisen by pneumatolytic processes from the 
igneous sheet in the foot-wall. Others considered the deposits to be of 
contact-metamorphic or even of metasomatic origin. 

According to recent investigation, and especially that of Stutzer, the 
varieties of porphyry occurring in the immediate neighbourhood of the 
ore must be regarded not as sheets but as intrusions. As already men¬ 
tioned, the porphyry to the west of the occurrence passes gradually over 
to the deep-seated rock, syenite. Stutzer, Geijer, and others, have shown 
that the ore is not only younger than the porphyry in the foot-wall but also 
than that in the hanging-wall. It must consequently be regarded as an 
intrusive occurrence. The breccia already mentioned as being found not 
only at Mertainen but also at Kiruna and Gellivare, is convincing evidence 
of this intrusive character. Further, the magnetite-apatite admixture of 
Kiruna and of the neighbouring deposits occasionally exhibits a fluidal 
structure such as can only be explained by its existence originally as a 
fluid magma. According to Stutzer the occurrences at Gellivare correspond 
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genetically with those at Kiruna, with this clifEerence however that at Gelli- 
vare both the country and the ore have subsequently suffered intense meta- 
niorphism. To us a closer examination of this latter assumption appears 
however desirable. In any case reviewing all the evidence the conclusion 
is reached that both the Norwegian as well as the north Swedish iron 
deposits just described have been formed by processes of magmatic 
differentiation in acid eruptive magmas. 

The occurrence at Solberg near Tvedestrand and the rich ore-bodies 
in the Lofoten Islands greatly resemble the A-ore of Gelhvare, and between 
the apatite-iron of Lyngrot and that of Gellivarc the mineralogical resem¬ 
blance is equally remarkable. The apatite has in many cases, though 
certainly not in all, been concentrated by magmatic differentiation con¬ 
currently with the iron, an occurrence also met now and then iu« 
segregations of titaniferous iron. The titanic acid however which is so 
characteristic of these latter deposits is either entirely wanting in those in 
acid eruptives or occurs only in very small amount; at Gelhvare and 
Kiirunavaara for example it seldom reaches more than O-.l per cent. In 
this connection the enrichment of zircon at Solberg mentioned on p. 261 
is genetically interesting. 

While the above-described deposits of the Lyngrot-Solberg-Smorten 
and the Sydvaranger types occur in foliated granite fairly rich in 
potassium felspar and with at least 70 per cent SiO„ the deposits of Kiruna 
among others in Norrbotten show a genetic dependency upon a magma 
which was more basic and which contained relatively more sodium. 

It is probable that the magmatic segregations in acid eruptive rocks 
such as have just been described are both in distribution and number 
much more extensive than would appear from the literature on the subject. 
The very important deposit of Grangesberg in Middle Sweden which contains 
about 62 per cent of iron and 1 per cent of phosphorus, and the much 
smaller occurrence at Nissedal in Norway with 58 -60 per cent of iron and 
about L75 per cent of phosphorus, exhibit in many ways so pronounced 
a resemblance to the deposits at Gelhvare and Lyngrot that they probably 
have the same genesis. Again, the banded quartz-magnetite ore of the 
Sydvaranger type is identical in structure with the so-called Torrsten 
or lean ore of Striberg and other mines in Middle Sweden. On these 
grounds among others, some Swedish investigators, and especially H. 
Johannsson and Hj. Sjogren, have come to the conclusion that the 
deposits of Grangesberg, Striberg, Norrberg, Persberg, Dannemora, etc., 
in Middle Sweden were originally formed by magmatic processes subse¬ 
quently to which they suffered intense alteration. Aceording to their 
view two principal phases may be distinguished in these occurrences, 
namely, the primary formation and the secondary alteration. 
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The f'enesis of these Swedish occurrences, which include such divergent 
types as Grangesberg on the one hand and Uannemora on the other, appears 
nevertheless to be far from clear. Some of them may be of magmatic 
origin, belonging therefore to the group of deposits now under description, 
while others appear obviously to have been formed otherwise. On 
account of this uncertainty as to their genesis these deposits in Middle 
Sweden, which it has been the custom to regard as all of one group, will as 
such be treated together in a later section. 

From the recent description by Ncwland,^ it would appear that several 
of the deposits of titanium-free magnetite of the Adirondacks in the United 
States are probably closely related to the above-described Scandinavian 
occurrences in granite or other acid eruptive rock. The Adirondack deposits, 
some of which have large dimensions, occur in foliated granite or in acid 
eruptive gneiss. They are sometimes low in phosphorus, though some¬ 
times they contain up to 2 per cent, corresponding to 10 per cent of apatite. 
They arc consequently typical apatite-magnetite deposits. The iron 
content is high, 60-70 per cent, while the limit of payability is 35 per cent. 
Quartz, felspar, pyroxene, hornblende, etc., occur as gangue. The form of 
the deposit is tabidar like that of those in Scandinavia. (Iranite-pegmatite 
often occurs as cmintry-rock. 

Newland mentions more than once the occurrence of gradations be¬ 
tween the deposit and the rock and comes to the conclusion that the ore 
presumably has arisen by differentiation within an acid eruptive magma. 
The admixture of apatite, hornblende, fluorite, etc., he believes however to 
have resulted from pneumatolytic or pnenmatohydatogenetic processes. It 
is more probable however that these minerals, with the possible exception 
of fluorite, were also formed by magmatic differentiation. A closer com¬ 
parison between these deposits and those of Scandinavia described above 
would it is thought afford much help in solving the genesis of the entire 
group. 

The well-known iron deposits of Wyssokaia-Gora and Goroblagodat, in 
the Urals, have also been regarded by some investigators as magmatic 
segregations in syenite. These deposits however possess so many pro¬ 
perties common to contact-metainorphic deposits that it is preferable to 
describe them under that group. 

Occurrences op Rutile in Granite 

Of more than ordinary interest are the strikingly related occurrences 
of rutile in granite at Kragero in Norway, and at Ro.seland in Virginia, 
which have lately been described by W. C. Brfigger “ and by J. L. Watson.® 
* D. il. Newland, Kcon. Geol. II., 1907. 

^ Oes. d, Christiania, December 2, 1903. ® JScon. Oeol. IL, 1907. 
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In the first mentioned occurrence the rutile is accompanied by a 
moderately acid plagioclase, forming a rock which Brogger terras 
‘ krageroite ’ and which generally contains 10-50 per cent of rutile. 
It occurs streak-like in foliated granite in the neighbourhood of an 
enormous dyke of granite-pegmatite on one side, and of olivine-hyperite 
with amphibolite on the other, both of which are traversed by apatite- 
rutile veins. At Roseland the rutile deposits, usually containing 10-30 
per cent of rutile together with felspar, quartz, and occasionally also 
some ilmenlte, occur likewise in granite, which in part is foliated. Here 
also they are found with dykes of granite-pegmatite on one side and with 
diabase and gabbro on the other. In both cases the rutile is a magmatic 
product formed during consolidation, though whether it became assembled 
by magmatic differentiation or was introduced by pneumatolytic processes 
cannot yet be said. These two deposits supply the present demand for 
rutile which amounts to some hundreds of tons per year. 


B. THE SULPHIDE SEGREGATIONS 

At ordinary furnace temperatures, 1200°-17()0° C., molten silicates and 
sulphides show a limited mutual solubility. Upon fusion, slag and 
matte separate from one another though not completely; on the one 
hand the sulphides hold a very small amount of silicate in solution, 
while on the other the silicates hold some sulphide, having the formula 
RS, where R=Fe, Zn, Mn, Ca, etc. The solubility of sulphides in sihcates 
varies with the different sulphides. All other conditions being equal and 
particularly that of temperature, this solubility is materially greater in 
basic silicates, that is those rich in FeO, ZnO, MnO, CaO, than in those 
which are acid. 

The effect of temperature is to markedly increase the solubility. In 
the neighbourhood of 1500° C. basic slags can take up as much as 7-9 
per cent of MnS, ZnS, or (Zn, Fe)S, in solution ; with FeS and CaS the 
solubiUty is somewhat less ; while with NiS, CoS, PbS, Cu„S, and Ag^S, 
it is very small.^ At the cooling of such molten silicates the minerals sphale¬ 
rite, ZnS or (Zn, Fe)S ; alabandite, MnS ; and CaS, crystallize early, while 
the separation of FeS on the other hand appears only to commence later. 
If the mutual solubihty of two fused masses rises with the temperature 
it must often be the case when this is sufficiently high that the composition 
of the two masses is the same, that is to say, complete mixing will have 
taken place. Since also according to experience the solubility of sulphide 
in molten silicate rises markedly with the temperature it may be assumed 


* Vogt, SilikaUckmelzlosungen, I., 1903. 
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that silicate and sulphide at the very high temperature which will exist 
in the heated magmas of the earth’s interior, will completely mix, and 
original magmas in consequence must be assumed to hold a considerable 
amount of sulphide in solution. 

To illustrate the separation of the sulphide in solution from an original 
highly-heated molten silicate rich in sulphur the most simple case may be 
taken where but two components « and b are present. In Fig. 194 the 

n 



Fk;. 194.—Diagram exj>laiiiing the .sej)!iiatioii of a sul])lu<le from a inolteii silicate magma. 


percentage relation between these two components is represented by the 
abscissae ; the ordinates represent the temperature. Tu and T6 are the 
melting points of a and h respectively. The curve cpmqfd is that of the 
solubility for a binary magma with limited mutual solubility. T« to 
c and T6 to d are the curves of solidification.^ With an original highly- 
heated molten silicate of the composition n, a and h are completely soluble 
in one another. Upon cooling to temperature Tp however the separation 

^ Compare Fig. 66 of The Natural History of lyncous Rocks, by Alfred Harker. 
London, 1900. 
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into two fused materials begins, one being p consisting in greater part of 
a with some h, and the other q consisting in greater part of b with some a. 
With further cooling the separation becomes more pronounced until at 
one stage two fused materials of composition c and / appear. From that 
designated c the component a crystallizes with sipiultaneous crystallization 
of some of the material/. This material in cooling further follows the 
curve/d with crystallization of some of the material o,till finally the material 
d solidifies with simultaneous crystallization of a and b. 

The separation of sulphide magma from silicate magma is how¬ 
ever most certainly not so simple as in the above illu.stration, since each 
may consist of a whole number of components, and the fusion points of 
some sulphides vary considerably from those, of others. The composition 
of clean nickel-pyrrhotito from Sudbury for instance or of pyrite from 
Huelva or Roros appears according to Vogt to indicate that the final 
crystallization of the sulphides took place from molten solutions, which still 
contained one or two per cent of silicates, the compositimi of such pyritic 
masses being similar to that at point d in the above-mentioned Fig. 194. 
In addition it must also be remarked that fused sulphides, such for instance 
as the mattes of iron, copper, nickel, lead, etc., are very fluid or in any 
case are much more fluid than even the most fluid silicates. They may 
therefore find their way into the smallest cracks or fractures of the country- 
rock to form there the so-calFd iiitrusivc lodes and fahlbands. 


(1) The Niokel-Tyruhotitb Okoup 
Nickcl-Pynliolilc Di'psitu in Gahhro. 

LITEIIA'IURE 

J. H. L. VouT. Articles in the Zed. /. prakl. Oeoi, 1803, cited on p. 242, 

The numerous nickel-pyrrhotite deposits found in different countries, 
and especially in Canada, Norway, Sweden, Pennsylvania, in the Monte Rosa 
district of Piedmont, etc., in their mineralogical and geological relations 
form a sharply-defined group. The most important characteristic common 
to them all lies in their occurrence within or at the margins of gabbro masses, 
chiefly norite, or exceirtionally in the volcanic rocks corresponding to this 
plutonio -rock. To this characteristic must be added the mineralogical 
and chemical simplicity of the ore and the gangue. 

Geological Position of the Deposits. —Of about 50 nickel-pyrrhotite 
occurrences distributed over Norway the greater number occur in fresh 
unaltered norite which often carries diallage, sometimes olivine, and at 
Other times quartz, the latter association forming quartz-norite. Some 
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of them however occur in gabbro more or less greatly uralitized,the pyroxene 
being so completely altered that the rocks were formerly regarded as gabbro- 
diorite and later as uralite-gabbro. The term gabbro in this connection 
must therefore be regarded as a collective name since it cannot be decided 
whether the original roc^ was gabbro in the strict sense of that term, that 
is with monoclinic pyroxene, or norite with rhombic pyroxene. The same 
petrographical characteristics also hold good for the more important of 
the Swedish deposits. Similarly at Varallo on the south slope of Monte 
Rosa the deposits occur in norite which sometimes contains olivine but 
at other times docs not. The nickel-bearing rock at Sudbury in Canada 
is also an occurrence of norite which usually contains a small percentage of 
(piartz but which, though agreeing with some of the Scandinavian occur¬ 
rences iti regard to its silica content, is somewhat more acid than the rock 
enclosing the nickel occurrences in the majority of cases there. 

The variety of gabbro which favours the nickel-pyrrhotite deposits 
is therefore one which carries hypersthene. Occurrences in diallagc-gabbro 
arc more rare, though such do occur, as for instance in the olivine-diabase 
of Lundbrren in Sweden and in the hornblende-olivine-diabase of Sohland 
in Saxony, etc. In by far the greater number of cases in Canada, Norway, 
and Sweden, the gabbro is of Archaraii age. Sometimes in Norway how¬ 
ever it intrudes regionally-metamorphosed Cambro-Silurian rocks and the 
intrusion presumably occurred in connection with orogenic movements of 
Devonian age. 

It is characteristic of these nickel deposits that in their immediate 
neighbourhood a number of segregations of basic or ultra-basic rock occur. 
With many of the occurrences in Norway, as for instance with those at 
Erteli, Espedal, Htiiaas near Tvedestrand, Nonaas in Hosanger, Senjen, 
as well as at Varallo in Italy, there are occurrences of bronzite-amphibole- 
olivinite or araphibole-picrite close to the deposits. Similarly at Romsaas 
in Norway, as illustrated in Fig. 202, segregations of a spherical norite 
containing 80 per cent of bronzite, hornblende, and mica, are found. It 
is also reported from Sudbury that the norite in immediate proximity to 
the deposits is more basic than at a distance. 

Further the gabbro is often crossed by aeid leucokratic streaks and 
dykes, between which and itself the intermediate stages marking a gradual 
passage from one to the other may often be recognized, even though these 
acid inclusions may have a granitic composition. Upon these and other 
grounds the conclusion may bo drawn that these acid streaks and dykes 
have arisen by differentiation within the gabbro magma, a differentiation 
in the acid anchi-eutectic direction. They are found in several Norwegian 
mines, as for instance at Flaad in Evje and at Skjakerdalen, in consider¬ 
able extent and in close connection with nickel deposits. 
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Mineralogy and Chemistry of the Deposits .—The most important ores 
are pyrrhotite, pyrite, and chalcopyrite. Analyses of apparently clean 
pyrrhotite from deposits in gabbro, collected from the most varied 
geographical distribution, have given 2-5 per cent of nickel and 
some cobalt. In some cases these two metjils together have been 
responsible for 8-12 per cent of the mass but only when by chance the 
mineral pentlandite has been present. On the other hand the pyrrhotite 
occurring with the fahlbands in the gneiss of the crystalline schists in 
Norway, Sweden, the Erzgebirge, Canada, etc., generally contains a much 
lower amount, some 0'2-0'5 per cent of nickel and cobalt together. Here¬ 
in lies an essential and extremely characteristic difference between the 
pyrrhotite of the two different classes of deposits. It was formerly thought 
that the nickel and cobalt content of these pyrrhotite deposits was associated 
with the constitution of that mineral, in that the chemical place of a small 
amount of the iron content was actually taken by these two allied metals. 
This view however is not correct. With many of the occurrences in Norway, 
Sweden, and Canada, the mineral pentlandite may be recognized even with 
the naked eye as the vehicle of the nickel.^ This mineral is the compound 
(Fc, Ni)S, sometimes with 22 per cent of nickel corresponding to the pro¬ 
portion 2 Fe ; 1 Ni; at other times with about 34 per cent corresponding 
approximately to 1 Fe : 1 Ni, some cobalt in addition being always present. 
It is known to be non-magnetic. In the treatment of apparently quite 
clean pyrrhotite from different mines in Sudbury, Ch. W. Dickson “ from the 
powdered material was able to magnetically separate a magnetic portion 
with but a low nickel content from a non-magnetic portion which contained 
about 34 per cent, a percentage which corresponds almost exactly to the 
formula (Fe, Ni)S. In addition, W. Campbell and C. W. Knight ® working 
on metaUographic hues demonstrated the presence of microscopically fine 
pentlandite intergrown with pyrrhotite and chalcopyrite in samples of 
pyrrhotite from various occurrences in Canada, Norway, Sohland in Saxony, 
and from the Gap mine in Pennsylvania. By these investigations it is 
established that the preponderating amount of nickel in pyrrhotite is 
accounted for by the admixed pentlandite ; whether in addition a smaller 
nickel and cobalt content enters into the constitution of the pyrrhotite 
remains still an open question. Extensive technical research has been 
undertaken to discover a satisfactory means of separating magnetically and 
on a large scale the embedded pentlandite from the pyrrhotite. Since 
however the farmer mineral only occurs in very fine particles, the finest 
grinding is necessary or considerable loss of nickel occurs. 

* Scheorer, Poggendorffs Anmlen, VoL 58, 1843; Vogt, Qeol, Furen. Fork., 1892 j 
Penfiold, Am. Jour. Sc., 1893. 

* Trans. Am. Inst. Min. Kng., Fob. 1903. 

* Eng. and Min. Jour., Nov. 17, 1900. 
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In addition to pentlandite, some polydymitc, Ni^FeSj, is also occasion¬ 
ally found in some Canadian minesd Millerite, NiS, also occurs, this mineral 
having been found in Canada, in the Gap mine of Pennsylvania, as well 
as in other mines, though it is however generally regarded as a secondary 
product. 

An average sample from a number of Norwegian and Swedish mines 
would give generally 1 Co to 8-15 Ni, while with the Canadian deposits 
a ratio of approximately 1; 40 has been established. 

Ordinary pyrite occurs here and there in preponderating amount, 
though this is seldom the case. Generally it is scarce and where occurring 
is found as idiomorphic crystals embedded in pyrrhotite or chalcopyrite. 
Such crystals in some Scandinavian deposits contain relatively much 
cobalt and but little nickel, the relation lor example may in some cases 
be 10—12 Co : 1 Ni, whereas in the surrounding pyrrhotite it would 
be 0-08-0-l(i Co ; 1 Ni.2 . 

The proportion between tho chalcopyrite and the nickel-pyrrhotite 
plus pyrite varies in different occurrences only between narrow hmits. 
Generally there is about fifteen times as much pyrrhotite plus pyrite as 
chalcopyrite. Average samples of ore from Scandinavian mines give 
1 Cu : T3-2 Ni, while those from Canada contain 1 Cu : 0-8-1-5 Ni. 
This proportion however may vary in different parts of one and the 
same deposit; it has indeed been observed both in Canada and in 
Scandinavia that the chalcopyrite is more abundant in the outer portions 
than in the centre of a deposit. The texture and aggregation of the ore 
is usually such that the chalcopyrite can only in part be separated by 
hand; more generally it is so finely distributed that it must be treated 
with that portion smelted for nickel. Several of the deposits here 
described indeed were in former years exploited for the copper they 
contained. 

Magnetite and titaniferous magnetite are often found in nickel- 
pyrrhotite deposits, samples of the latter mineral from the Murray mine, 
Sudbury, containing 18-35 per cent of TiO,^. Marcasitc, cobaltite, danaite, 
annabergite, gersdorffite, bornite, galena, sphalerite, and molybdenite, 
have been found as mineralogical curiosities in some deposits, though 
always only in small amount. It is characteristic of the entire group that 
the most common ores such as galena and sphalerite are almost always 
completely absent. In the nickel matte formed when these ores are smelted 
it is usually the case that not even traces of lead, zinc, arsenic, antimony, 
or bismuth, can bo detected; on the other hand the presence of_ the 
platinum metals in very small amount, atid of gold and silver, may be 

^ Clarko and Catlett, Am. Jour. Sc., 18^9. 

* Vogt, Zeit./. prakt. Qeol, 1893, p. 270. 
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regarded as characteristic. The rare arsenide of platinum, sperryUte, PtAsj, 
as is well known, was first discovered in the weathered outcrop of one 
of the Sudbury mines.^ Small amounts of platinum and other platinum 
metals, of gold, and of silver, as already stated on p. 155, have been 
established in nickel ore in Canada, Norway, amj Sweden.® 

Morphology of the Deposits.- Gabbro according to numerous analyses 
usually carries O-l-D-25 per cent of .sulphur, corresponding to 0-2-()-5 per 
cent of sulphides, pyrrhotito or pyrite, which minerals are to be regarded 
as primary though accessory constitiients of the rock. Within an occur¬ 
rence of gabbro it is often the case that in some parts the sulphide content 
is considerably higher, reaching 2-5 per cent of the mass, a figure 
w’hich may less frequently rise to 10 or even 30 per cent without disturbing 
the proportion between the plagioclase and the unaltered pyroxene con¬ 
stituents of the rock. Since in this case the pyritic gabbro in its structure 
still resembles the normal rock poor in sulphide, petrographically it can 
only be regarded as a variety of that rock. It corresponds therefore to the 
ilmenite- or titanomagnetitc-gabbro, -norite and -pyroxenite, and by Vogt 
has consequently been termed pyrrhotite-gabbro, a name which has since 
been adopted by many other authorities. Dui'ing the nickel boom in the 
’seventies many mines in Norway started to work such pyrrhotite- 
noritc or pyrrhotite-gabbro containing only some 30 per cent of these 
sulphides. 

With those deposits where the sulphides are greatly concentrated 
the petrographical nature of the ore is more complicated and often some¬ 
what variable in different dc])osits. Such occurrences also are often to 
be regarded chiefly or entirely as pyrrhotite-gabbro, even when containing 
some 50-75 per cent of such sulphides. In many cases the mass is 
practically one of clean sulphides, pyrrhotito, pyrite, and chalcopyrite, 
while a breccia structure may often be observed both on a large and 
small scale. This structure arises when fragments of the country-rock, 
normal gabbro or pyrrhotite-gabbro, arc surrounded by solid sulphide. 
Moreover sulphide veins are often seen to traverse the country-rock, 
one such vein of a larger size being illustrated in Fig. Ifi, while the 
ramification of such veins on a smaller scale along the cracks and cleavage- 
planes of the other constituents of the gabbro is illustrated in Figs. 195 and 
196. It must also be remarked that particles of almost clean sulphide 
are not only occasionally associated with the ordinary minerals of the 
gabbro but also with quartz, which material is then present even to the 


* Fenfleld and Woll«, Am. Jour. Sc. XXXVII., 1880; Zeit.f. Krkt. Min. XV., 1880. 

* K, W. (’larko and C. Catlett, Am. Jour. <S'r., 1880 ; T. Ti. Walker, ihid., 1890 ; W, 
Dickson, tfiiU, 1903 ; Vogt, Zeit. f. prakt. 6W., 1902; F. M. Stapff, Berg- und Iliiitenm. 
Zeit., 1858. 
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extent of being more abundant than the quartz in quartz-norite. The 
leucokratic streaks and dykes described above as occurring in some mines, 
also occasionally carry some pyritic sulphide as an accessory constituent 
of their mass. 

The nickel-pyrrhotit^ deposits in by far the greater number of cases 
occur in the peripheral portions of a gabbro mass, and often actually at the 
contact of the gabbro with the country-rock, es])ecially if that be gneiss, 
mica-schist, foliated granite, etc., this situation being illustrated in Figs. 
198-201, 203, and 204. In these cases the separation between the pyritic 
mass ami the gneissic country-rock is usually fairly clean, whereas, as 
illustrated in Fig. 197, in the direction of the gabbro on the other hand, a 
gradual transition through pyrrhotite-gabbro with decreasing amounts 



Fig. - rin^iodase 
crystals fromtlu* pyrrhotiU^- 
j;:il)bro of the Fluad iiuin* 
in Norway, traveiscsl by 
jiyrrhotit^i veins. Voyt, 
’/ed. f prakt, freo/., 
p. i:i9. 



Fill. 19C.- I’yrrholite-giibbro from the Frteli niiue, 
Norway, sliowiiij: pyrrhotite veins liactunng the felspar 
ami ])iirtly dissolving tlie diallage in their course. The 
jtyirhoiite at the contact with the ])lagiochise is hordereil 
with a garnet zone. Magnified 120 times. Vogt, Zed. 
J. pmki (JeuL, p. 139. 


of sulphide takes place. At times also tlie country-rock in the neighbour¬ 
hood of the contact is so traversed or impregnated with the sul()hide 
that it is mined and smelted. In Norway occurrences are known, at the 
Ringerike mines for instance, where a finely-foliated gneiss in immediate 
contact with the norite has been so impregnated with pyrrhotite, pyrite, 
and chalcopyrite, as to present the ap])oarancc of a fahlband in the gneiss. 
In one small mine indeed this ‘ fahlband ’ and the poorer norite, were 
worked. 

The deposits occurring at tlie contact of gabbro with gneiss, etc., are 
generally most irregular in form, and the width of the deposit may vary 
greatly even between two places quite close together. In depth however 
it is the experience that many of these deposits maintain their dimensions 
better. Deposits which occur in the central portion of a gabbro mass, 
as for instance that at Klefva in Sweden, are less common. In that mine 
several irregular though extensive streak-hke lodes are worked. In this 
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connection reference is made to Fig. 202 showing the occurrence at Romsaas 
in Norway, and to Figs. 204 and 205 illustrating that at Flaad in the same 
country. 

Genesis of the Deposits. —As suggested more particularly by Vogt in 
1893* the nickel-p 5 Trh()tite deposits are to be regarded as magmatic 
segregations in gabbro or in chemically analogous volcanic rocks. The 
following points speak for such an origin : 

1. The connection of the numerous deposits in different countries 
with occurrences of gabbro or exceptionally with the volcanic representa¬ 
tive of that deep-seated rock, is constant and regular. 

2. The several occurrences so resemble one another not only geo¬ 
logically but also mineralogically that they mu.st be of the same genesis 



NonU'. Pyirlioiite- Sul- Giicias. 

noiitp. ptiulf. 

Fid. 197.'-Section on a large scale of the occurrence m the Meinkjar mine, Nt*rway, 
further illustrated m Fig. 201. Vogt, f. prakt. (JeoL, 1893, 137. 

throughout, while the unvarying character of the deposits postulates a 
simple process of formation. 

3. Gradations between ore and gabbro through the intermediate 
stage of pyrrhotite-gabbro are often to be observed and therefore the ore 
essentially must have been formed in a similar manner to that rock. 

4. The structure of the clean or almost clean sulphide mixture with 
idiomorphic crystals suggests crystallization from a single magmatic 
solution and not from several solutions following one another as was 
evidently the case for example with the lead-silver-zinc lodes. 

5. The deposits often occur in those parts of a gabbro mass which 
are distinguished by pronounced magmatic differentiation of the eruptive 
rock. 

1 Op. cit.; also Oeol Foren. Fork., 1891, p. 629 ; 1892, p. 321; Zeit, d. 1). Ocol. Oes.f 
1891, p, 819. 



MAGMATIC SEGREGATIONS 


287 


6. The deposits are sometimes crossed by dykes of basic rock, diabase, 
olivine-diabase, etc., which are to be regarded as later effusions of the 
same eruption of gabbro. The formation of the ore belongs therefore 
to the magmatic period of the rock in which it occurs. Such dykes are 
illustrated in Fig. 200. 

7. Some of the deposits are traversed and accompanied by acid leuco- 
kratic streaks and dykes which represent the acid segregation products 
from the gabbro-magma, from which also it follows that the formation of 
the deposits took place during the magmatic period of the eruptive rock. 

8. The characteristic presence of titanomagnetite allows a manner 
of formation analogous to that of the magmatic titaniferous-iron deposits 
to be postulated. 

9. Pneumatolytic minerals are completely wanting. 

10. The minerals usually formed in the wet way are not present as 
part of the primary formation. 

In addition to these points, others such as arise from observation in 
particular cases are quoted later. 

By this theory the peculiarities of this group of deposits are explained. 
Concerning the characteristic presence of nickel, cobalt, and copper, it 
follows from the constant association of these deposits with basic eruptive 
rocks that these metals must be derived from such rocks. Since also 
the ore according to the theory here presented is of magmatic origin the 
nickel, cobalt, and copper contained, must be traced back to that period. 
It may well be that a sulphide, RS, dissolved in the magma, has been the 
means of effecting the transfer of these metals from an original combination 
with silica to one with sulphur, thus, RS-f NiO . (Fe, Mg, Ca,. . . )0 . mSiO., 
= NiS + RO . (Fe, Mg, Ca, . . . )0 . inSiO,. The basic rocks admittedly 
are distinguished in general by the presence of nickel, cobalt, and copper, in 
small amount. It is just these metals which are the most readily con¬ 
verted to sulphide, Fournet’s sequence in this connection being Cu, Ni, Co, 
Fe, Sn, Zn, Pb, Ag, Sb, and As. The occurrence of the platinum metals in 
magmatic deposits, for instance metallic platinum in peridotite, and a low 
platinum content in nickcl-pyrrhotite, etc., has already been mentioned 
on p. 155. 

The disposition of these pyrrhotite occurrences in the marginal 
portions of eruptive masses is analogous to many other phenomena of 
magmatic differentiation. The fractional magmas which separating 
from one another finally give rise to dykes of varied composition, move 
as they are formed in the direction of the coohng surfaces and there collect. 
The corundum deposits mentioned on p. 250 as occurring along the margins 
of some peridotite masses, are illustrative of this. At times, though 
seldom the case, pyrrhotite-gabbro occurs within the gabbro and more or 
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less removed from the periphery. Such an occurrence probably resulted 
when a magma, rich in sulphide, collected originally near the periphery, 
became pressed upwards in abnormal eruption. The occurrence of dykes 
or streaks of pyrrhotite-gabbro, often cleanly separated from the country- 
rock, of the breccia described above, and of the sulphide veins in gabbro 
and country-rock, may be explained as the result of local eruption 
or intrusions formed by the sulphide or the sulpliide-silicate magma. The 
extremely fine sulphide veins in the cracks and cleavage planes of the 
accompanying minerals, illustrated in Fig. 195, arc explained by the 
fluidity of the fused sulphide. 

Not infrequently these peripheral deposits are so bedded that the 
foot-wall is of gneiss and the hanging-wall of gabbro, or vice versa, cases 
of this at Sudbury, Canada, and at Meinkjar, Norway, being illustrated 
in Figs. 197, 200, and 201. This has been explained both in Canada 
and Norway by the sinking of the heavier sulphide components as they 
separated from the silicates. 

According to the theory which has here been developed it follows 
that small gabbro masses can only contain small deposits and that the 
large occurrences are exclusively in connection with extensive areas. 

The enrichment of chalcopyrite often to be observed especially in the 
peripheral portions of the nickel-pyrrhotite occurrences must result from 
a separate magmatic differentiation within the sulphide magma itself. 
A similar occurrence is found with the pyritic sulphide deposits to be 
described in the next section. 

Independently of Vogt, both A. E. Barlow and R. Bell in 1891, and H. 
B. von Foullon in 1892, urged a molten origin for the nickel-pyrrhotite 
deposits, though without developing any comprehensive discussion or 
demonstration. Since the appearance of the article by Vogt in 1893 the 
genesis of these deposits has been the subject of repeated discussion. Most 
authorities who have concerned themselves with the question, particularly 
P. D. Adams, A. E. Barlow, D. H. Browne, A. P. Coleman, J. F. Kemp, 
and T. L. Walker, for Canada and the United States ; for Norway and 
Sweden all the more recent authorities ; and B. Lott' for Varallo in Italy, 
now endorse this theory of magmatic formation. 

Admittedly there are a large number who oppose its. acceptance. 
Posepny in his treatise upon the genesis of ore-deposits * declared the theory 
to be a chemical impossibihty and denied the solubility of sulphide in 
silicate. Several other authorities as E. Weinschenk,^ R. Beck,* H. W. 

^ Engineering Congress, Chicago, 1893 ; Btrg- und IlUUenm. Jhrb. der Bergakad., Leoben 
Pribram, etc., XVIII., 1895. 

* * Dio Nickel-Mftgnetkicslagerstattcn zu St. Blasien im Schwarzwald,’ Zeit. f. prakt. 
Qeol., 1907. 

• ‘ Die Nickelerzlagerstatten von Sohland in Sachsen,’ Zeit. d. D. Qeol. Gesell., 1903. 
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Hixon * and C. W. Dickson,^ have on the other hand argued a secondary 
aqueous deposition of the ore. Stress is laid upon evidence wliicli would 
show that the accretion of ore took place after the deformation of the 
enclosing rock, and especially after the deformation of the priiuary pyroxene 
minerals to actinolite, chlorite, talc, etc. This view however does not agree 
with all the facts. Nickel-pyrrhotite is often found, both at Sudbury 
and in Norway, etc., in norite which is quite fresh and in which the hypers- 
theue is unaltered.^ There can therefore be no question of the uralitiza- 
tion of the gabbro in general before or contemporaneously with the deposi¬ 
tion of the ore. In places the sulphide-bearing gabbro has subse(picntly 
been decomposed, though in general no genetic connection between this 
decomposition and the formation of the ore can be demonstrated. More¬ 
over, the characteristic pe(mliarities of the nickel-pyrrhotite deposits as 
enumerated on pp. 286 and 287, cannot be explained by a hydrothermal 
process. 

Some investigators, including Vogt in 1882,'* suggested a combination 
of magmatic segregation with pneumatolysis, according to which metal- 
liferotis vapours evolved from the magma in one place were decomposed in 
another, depositing the ore in rock already consolidated. This theory 
again does not however explain the characteristic properties of these 
deposits. 

Sudbury in (Unada 
LITERATUBK 

A. E. Bahdow. Tho Ottawa Naturalist, 1801. —R. Bull. Bull. (irol. Soc. Amor.. 1801 ; 
Gcol. Surv. Oanada, Ann. Rep., 1888, 1880, 1801.—H. B. von Foullon. Jahrb. d. geol. 
Reielisanst. Vienna, 1802.—F. 1). Adams. Min. Ass. Rrov. Quebec, 1804. — T. L. Wat.kkw. 
Quart. Journ., Ijondon, 1897. —C. VV. DroK.soN. Tians. Am. In.st. Min. Fiiig., 1003. 
—A. E. RAKfiOW. Gool. 8urv. Canada, Ami. Hep., 1004, 1907; Kcon. Gf'ol. I., 1000. — 
A. B. CoMSMAN. Can. Rep. Bur. Mines, 1905; .tour. Geol., 1007 ; Geol. Soc. Aincr., 1004. 
— I). H. Browne. School of Minos Quart. XVI., 1805 ; Eeon. Geol. L, lOOO. —.J. Gaunter. 
Minos des nickel, eto., do Sudbury, l^aris, 1801. -1). Levat. Ann. doa mino.s. Baris, 
1802. —J. II. OiLLiNS. Quart. Jour., 1888. —G. H. Williams. Geol. Surv. Canada, Ann. 
Rep., 1891. --W. H. Merritt. 'LVans. Am. Inat. Mm. Eng., 1888, 1880. —E. I). Beteks. 
Ibid., 1889. —Further the citations given on pp. 282-284, and 288. 

The mining district of Sudbury lies in the northern portion of Ontario 
and on the north side of Lake Huron, It has a length of about 60 km. 
in a south-west and north-east direction, a width of from 25 to 30 km., 
and as shown in Fig. 198 it is crossed by the Canadian Pacific Railway. 
The eruptive rocks present consisting of (piartz-norite and granite form 
an irregular field of basin shape, illustrated in Figs. 198 and 199. The 

^ Upon Sudbury, Can. Mg. Inai. IX., 1906. 

^ Upon St. Stephen in Now Brunswick, Sohland and Sudbury, ibid., 1906 ; Can. Mag. 
Rev., 1906. 

^ A. P. Coleman, Zeit.f. pmkt. Qeol., 1907, p. 221. 

* Oeol. Foren. Fork., 1883. 
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contents of this basin consist of conglomerate, tuff, clay-slate, and sand¬ 
stone, belonging to the Upper Iluronian that is to the youngest member of 
the fundamental crystalline schists. These rocks lie upon steeply inclined 
Iluronian beds and Laurentian gneiss, with some eruptive rocks of nearly 
the same age, the complete sequence being illustrated in Fig. 199. 

This eruptive occurrence, which is regarded by Canadian geologists 
as a gigantic laccolith younger than the sediments now upon it, varies 
in width around the basin between 1-5 and 8 km. Towards the outside, 
that is in the direction of the foot-wall, it consists of norite, chiefly 
quartz-norite, with about .95 per cent of silica; but towards the centre, 
that is in the direction of the hanging-wall, it passes gradually into a 
granitic rock, micropegmatite, with 07 per cent of silica. 

The mines with few e.xccptions are found on the foot-wall limit 
of the eruptive syncline, that is at the contact of tin; quartz-norite with 
the old gneiss and other rocks, the deposits being particularly developed 



where the eruptive rook bays into this foot-wall. On the south 
side of the basin the mines Hultana, Gertrmle, Creighton, North 
Star, Tam o’ Shanter, Lady Violet, Elsie, Murray, Cameron, Little 
Stobie, Mount Elezard, Beatrice, Kirkwood, and Crydernian, are found. 
Along spurs proceeding south from the norite mass, .such spurs in part 
resembling dykes, the following additional mines are working, Victoria, 
Clarabclla, Lady Macdonald; while the Worthington, Copper Cliff, 
Evans, Frood, and Stobie mines, are situated upon smaller masses of norite 
in the near neighbourhood. On the north side of the basin there are 
but few mines working. All the deposits without exception occur 
in the marginal portions of the norite or quartz-norite, this rock being 
generally finer-grained and more basic in the immediate neighbourhood 
of the ore than further inside the basin Plan and section of the occur¬ 
rence in the Murray mine are given in Fig. 200. 

The deposits in general are stumpy in shape with the older gneiss as 
foot-wall; towards the hanging-wall the amount of sulphide gradually 
diminishes. From this feature Coleman drew the conclusion that the 
* Barlow, 1904, p. 126. 
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sulphide by gravity sank to the contact below, an idea which years ago 
was advanced in connection with the Meinkjiir mine in Norway, illustrated 
in Figs. 197 and 201. 

Apart from a few smaller attempts mining began in this district in 
i u 0 Canadian 

\ |u\ Copper Co., originally with a capital 

" ' ' 11 of two million dollars, was formed to 

Quartz- ' U work the Copper Cliff, 

■ ^Norite ■ ' the Stobie, and the Evans mines. Since 

: ' ■, I then the industry thus commenced has 

■■ so developed till of 14,100 tons, the 

^'**^”* world’s production of nickel in 1908, 
■■■. Sudbury dehvered 8070 tons or more 




I' \K'-Granile> 


ll; : Quartz- 
; -Norite: 


... 

^JVonte 


mi 




Fid. 200.—Plan of the Murray and Klsn* Fio. 201.—Plan and .ection of the Memk- 
mines, and section through the Murray jar tleposit. The black areas indicate the 
mine. Tlie nickel ore is representeil black, open workings lunl therefore the ore. Vogt, 
Barlow, 1904. Zei(. /, pnikl. GeoL, 1893, Plate IV. 


than one-half, the remainder coming chiefly from the garnierite mines of 
New Caledonia. Of late years at Sudbury approximately one-third of 
a million tons of ore arc broken and smelted yearly, while up to and 
including the year 1908 roughly three million tons of ore had been 
produced. In this total, according to the statistics of the Geological 
Survey of Canada, the principal mines participated as follows: 
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Stobio 

From 1886 to suspension of work in 
November 1601 and to a depth of 


Copper Cliff . 

only 80 m. 

380,000 tons. 

From 1886 to June 1904 and to a depth 



of 325 m. 

mooo „ 

Creighton 

• • • From Juno I!>01-1008 and to a depth 



. of 97 ID. 

1.065,000 „ 


The last-mentioned mine wliich started comparatively late is now 
the most important in the district and regarded as the richest nickel 
mine so far known in the world. The Victoria and the Garson mines 
during the last five years have produced about 50,000 tons yearly, while in 
1906 the Crean Hill mine produced approximately 80,000 tons. The 
total production and the average nickel and co{)per content of the ore 
smelted at Sudbury are given in the following table : 



Totiil Ore 

Total 

(’opj)pr- 

Mehil Content in Matte. 

XYeraiie Metal Coiittmt 
of (lie On*. 


Kowted. 

Smelted. 

profhned. 

m. ■■ 

Cu. 

SI 

Cu. 


Ti)n-s. 

TollH. 

Tons. 

Tons. 

Tons. 

Pei cent. 

Pei cent. 

1890 

1895 

118,000 

69,000 

55,(X)0 

79.000 

11,400 

2100 

2if)0 

2'67 

2 73 

1900 

196,000 

192,000 

2i,:too 

3200 

29.')() 

1-67 

I 59 

1905 

2.')8,000 

232,(X)0 

15,800 

8700 

4100 

3-68 

1-79 

1907 

319,000 

:!26,000 

20,000 

9()20 

6360 

2-05 

1 -95 

1908 

372,000 

327,000 

19,020 

8()70 

6900 

2-65 

208 


The nickel and copper contained in the ore is calculated from the 
amounts of these metals in the matte ; the loss in roasting and smelting 
therefore is not made good in the above figures. At first low-grade blast¬ 
furnace matte was produced, later however the practice has been to produce 
Hessemer or rich matte. 

Deposits geologically similar though somewhat poorer are found at 
St. Stephen in New Brunswick.' The best-known nickel-pyrrhotite deposit 
in the United States is at the Gap mine, Lancaster County, Pennsylvania, 
which has been described by J. F. Kemp.® This deposit likewise occurs 
at the margin of a mass of amphibolite, about 600 m. long and 150 m. wide, 
this rock probably representing an altered gabbro. The country-rock is 
mica-schist. Operations at this mine were suspended in 1893 when a 
depth of only 80 m. had been reached. 


' Barlow, 1904; Dickson, 1906. 

“ Trana. Am. Inet. Min. Eng., 1894. 
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Norway 


LITKRATURE 

J. Bahll. Polytekn. Tidsskr. Christiania, 1864.—T. Lassen, L. Meinich, Fb. 
MITller. Upon Iringcrike (Krteli), Romsaas and Ringcrikc respectively, Nyt. Mag. f. 
Naturv., 1870, 1879, 1881.—A. IIeli-and. Arch. f. Math^m. Naturv., 1879.— 0. Lang. 
/eit. d. T). Cool. Gcs., 1879 .—Th. Kjkiiulf. Die Ceologio dcs sudlichen Norwogens. Bonn, 
1880.-^1, H. L. Vogt. Geol. l-’oren. Fdrh., 1883,1892: Zeit. f. prakt. Geul., 1893; Plant- 
ingehalt in Nickolerz, ibid. 1902; Om Nikkei, etc., 'rcknisk Ugcblad. Christiania, 1902; 
Geol. Aarbog for 1005.—C. BrooE. ‘IJeber der Kugolnorit zu Romsaas,’ Gcs. d. Wisa., 
Christiania, 1900. 


At various places in Norway about fifty occurrences of gabbro carrying 
nickel-pyrrhotite are known. Most of 
these are found in the fundamental 
crystalline schists, such being: Romsaas 
in Askim with the noted spheroidal norite, 
and other localities in Smaalencne ; 
Brteli, and other mines on Ringcrike; 
some occurrences in Sigdal; Meinkjiir, 
Barale-Nysten, etc., in Bamle, the former 
lying but a few kilometres from the 
apatite mine of Oedegaardon; some 
occurrences in the neighbourhood of 
Tvedcstrand and Arendal; J’laad in Evje 
and other occurrences in Siiterdalen, and 
Senjen in Trorasij. 

Other deposits arc found in connection 
with regionally mctamorjihosed slates, 
such for instance as many old occurrences 
in Espedalcn well inland; Nonaas and 
other deposits on Hosangcr one of the 
Bergen islands; Dyrhaug and other 
mines at Skjiikerdalen in the Trondhjem 
district; Boiern and Misviirtal in Skjar- 
stad ; and Mali) in Steigen. 

With most of the deposits, such for 
Romsaas liol.i. Ti.;'ilL.rlr™,"insta'^e as Erteli illustrated in Fig. 203, 
Rent the open woikiiijis anil tiiciofore the Meinkjiir ill Fig. 201, Bamle-Nysten in 

ore. The. areaM imliffvto toliat(*<l x?* 14 ^ tt-* m i j. i 

norite. Zeit J\ prakt. rvedestTand, 

Elate V. Beierii, etc., the ore occurs in character- 

KN, iiuiite. . . 

istic manner at the contact of gabbro, 
represented in most cases by norite, and the crystalline schists in 
which such gabbro is found. At Romsaas, illustrated in Fig. 202, ore is 
also found somewhat farther from the contact. 
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Microscopic investigation undertaken by Vogt upon specimens of ore 
from Romsaas, showed that with an increase in the proportion of sulphide, 
a decrease in plagioclase and an increase in hypersthene were connected. 
The ore occurring in streaks consists of sulphide and hypersthene with 
some biotite and hornblende, but contains no plagioclase. The sulphides 
and the fcrro-magnesium silicates accordingly have increased their ]>ro- 
portions concurrently, a fact which constitutes further evidence of the 
formation of these deposits by magmatic differentiation. 

In the Flaad mine at Evje the ore is found within a large area of a 



Kig.‘ 203.—Oround jilan of Ihf Kricii licld ne.n Riiigciiko. The black areas indicate open 
workings and tlierefore the 'lej)Osiis Atliicli it is .seen lie cluelly at the contact with the eruptive. 
Vogt, ZeU.f. inuki. Ueol , 1893, Plate V. 

N, norite ; O.N', oliviii<‘-iiiii i(e , U, tf.ibtuo ; Al’, aini>hilK>ht'‘-j)icrile. 

uralite-gabbro or uralite-norite poor in quartz, many square kilometres 
in extent. Though actually within the eruptive the ore however here 
also occurs near the margin. It is principally a pyrrhotite-gabbro con¬ 
taining 40 to 80 per cent of pyritic sulphide in addition to the ordinary 
gabbro minerals. It forms a series of approximately parallel though 
irregular streaks which, as illustrated in Figs.‘204and20r), dip at about 40° 
in normal uralite-gabbro. These streaks are accompanied by numerous 
though generally small .leucokratic dykes some of which are of granite- 
aplite. 

Many smaller norite occurrences at Ringerike, Bamle, etc., with 
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superficial areas between 100 and 1000 sq. m., contain small bodies of ore. 



Fkj. 205. 

Fios. 204, 20r).—Cro.ss and lougituilinal section.s of the Flaad mine at Evje. The ore is 
indicateil dark, the intensity of the darkness reiiresentnig approximately the amount of ore 
present; the hatched portions are those wliich have been mined, li. Storeii. 

The somewhat larger occurrence of Mcinkjar, illustrated in Fig. 201, with 
3250 sq. m. and that of Nysten-Bamle, illustrated in Fig. 142, with 3000- 
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4000 sq. m., have together yielded at the most 1600 tons of ore with 20 per 
cent nickel, for each metre of vertical depth. Richer by far is the occurrence 
at Erteli illustrated in Fig. 203, which has an horizontal extent of 210,000 
sq. m. This to date and to a depth of 90 m. has produced about 110,000 
tons of nickel ore containing 1250 tons of nickel and 600 tons of copper. 

The richest nickel mine in Norway is however the above-mentioned 
Flaad mine which works an ore-body occurring in a nia.ss of uralite-gabbro 
about 75 sq. km. in extent. The production so far, that is between 1872 
and 1908, has been about 75,(M)0 tons of ore equivalent to 1350 tons of 
nickel and 800 tons of copper. The present depth is about 90 m. though 
the ore-body is far from exhausted to that depth. 

According to calculations by Vogt * if the total nickel, cobalt, and 
copper, contained in the ore-bodies were distributed regularly over the 
entire eruptive masses, the results in representative cases would be : 


Erteli 

Moinkjar-Nysten 

ileicni 


Nifki'l 

Coliall 

Cdpiii'r. 

I’m < •‘lit. 

I’m emit. 

I’fi omit. 

oo:)o 

()-()05 

0-015 

0-120 

oon 

0-050 

0-08.T 

0-008 

0020 


Nickel mining in Norway began in the ’forties and reached its greatest 
importance during the period 1870—1877, the largest production in any one 
year having been that for 1876 when 360 tons of nickel were won. Eatterly 
only one mine, the Flaad, continues working. In the whole of Norway 
roughly 400,000 tons of nickel ore have been mined and smelted. The 
hand-sorted ore usually yields Tl-1'7 per cent of nickel, though excep¬ 
tionally the yield may be as much as 2-2-5 per cent. 


SwriDEN 

The best-known deposit of nickel-pyrrhotitc in Sw-eden occurs near 
Klefva in Smaland. This was originally worked for copper and oidy after¬ 
wards, roughly from 1810 to 1888, for nickel. The ore occurs within a quartz- 
norite mass about 6 km. long and 2-5 km. wide, though these dimensions 
include an occurrence which is not completely connected. The quartz- 
norite is also associated with gabbro-diorite or uralite-norite. The ore 
is chiefly pyrrhotite-gabbro which occurs in five or six vide and approxi¬ 
mately parallel streaks sharply separated from the gabbro poor in sulphide. 
These streaks have been disturbed by several younger faults.^ 

^ ZeiL f. prakt. OeoL^ ]893. 

^ B. Santesson, H. von Boat, Geol. FOren. Fork., 1887 ; W. C. Broggor and J. H. L. 
Vogt, manuscript 1887. 
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Other deposits occur at Ruda in Vinjaker ; in Oestergdtland in the so- 
called diorite ; ^ at Gaddbo in Simtnva; at Plkedal in Enaker ; in Vestman- 
land in so-called gabbro-diorite; and finally at Kuso and Stattberg, in 
Dalarne, in a gabbro-diorite and in a narrow porphyrite or diabase dyke.^ 
At Lundbrrcn between Jiiintland and Ilerjedaleii nickel-pyrrbotite occurs 
together with pyrite and chalcopyrite within a mass of olivine-diabase 
in a regional-mctainorphic district. The ore is found on the foot-wall of 
the diabase adjacent to the enclosing slates.* Latterly nickel mining in 
Sweden has ])ractically ceased. 


Varallo, Piedmont, Italy 
LITERATURE 

A. W. Stelzner. Berg-unci Huttonm. Ztg., 1877, pp. 8G, 87.— Badouueau. ‘La 
Metallurgio dn nickel,’ Ann. ties mines, Paris, 1877.—B. Lotti. 1 Doposiii dei minerali 
motalliferi. Turin, 1903.— M. Pkiehaussek. Zeit. f. prakt. Gcol., 1909, giving literature. 

In the Sesia valley on the south-east slope of Monte Rosa, basic eruptive 
rocks occur within a zone of highly metamorphosed crystalline schists. 
These rocks consist chiefly of norite and gabbro together witli picrite, etc.' 
At different places, associated with highly basic segregations within the 
gabbro, nickel-pyrrhotite deposits are found. The Cevia mine situated 
1980 m.above the sea and the Sella Bassamine some 1700 m.,were worked 
more especially during the nickel boom in the latter half of the past century. 
The yearly production then was equivalent to about 50 tons of metal. 


St. Blasien in the Southern Black Forest 

The mines here, now stopped for several decades, contained nickel- 
pyrrhotite together with some pyrite and chalcopyrite, in close association 
with intermediate and basic eruptive rocks very much altered. According 
toE. Weinschenkthese were originally (piartz-dioritc norite,gabbro proper, 
and probably felspathic bronzitc-olivinite. These rocks in which a 
markedly streaked structure was developed w'ere shattered by a granite 
intrusion. Weinschenk* regarded these nickel-pyrrhotite occurrences as 
secondary deposits at the contact between granite-aplite rocks and the 
above-mentioned intermediate and basic rocks. As already stated we 
cannot endorse this, but regard these occurrences also as proper magmatic 
segregations. 

^ G. Fianclstrom, GeoL Foren. Fork., 1887. 

® G. Lofstrand, Oeol. Foren. Fork., 1903. 

^ Vogt, Schwed. geol. Unters. Ser. C, No. 89, 1887. 

^ Zeil. f. prakt. Oeol., 1907. ® Ante, p. 288. 
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SOHLAND AND SCHWEIDRICH 
LITERATURE 

R. Rkck. Zeit. f. prakt. Geol., 1902, 41 and 979 ; more oxliau.slivoly Zoit. d. I). fO'oI. 
Gcs., 1903; Upon Schweidiich.-,-H. R. von Foiillon. Jahrb. d. gool, Heiohaanst. Vienna, 
1892. 


These two occurrences lie about 5-9 km. from one another on the 
Saxon-Bohemian frontier, the first being in Saxony and the latter in 
Bohemia. Though of the same class they dilfer from the nickcl-])yrrhotite 
deposits which have just been described in so far that they are not (con¬ 
nected with basic plutonic rocks but with the chemically etpiivalent volcaiuc 
rocks. The basic dyke at Sohland is not less than 700 m. long and is jierhaps 
even 1500 m., with a breadth of 10 20 m. This by Beck has been de¬ 
scribed as a biotite-proterobas greatly altered. The ore consists chiefly of 
nickcl-pyrrhotite with 5-5-6 per cent of nickel in the, ore mined; pyrite and 
chalcopyrite are subordinate as is the case with all those deposits. All 
the ore occurs on the wall between the dyke and the enclosing granite. 
In its immediate neighbourhood the dyke rock exhibits remarkable basic 
segregations containing much spinel, sillimanite, corundum, etc., re¬ 
calling the frecpient tendency of the gabbro-magma in the immediate 
neighbourhood of the nickel - pyrrhotite deposits to show a marked 
differentiation.! The view held by Beck regarding the genesis of these 
deposits has already been given.^ 

The deposit at Schwcidrich near Schluckenau appears also to be an im¬ 
pregnation, along one wall of a basic dyke, running in a N.N.W. direction 
in the Lausitz granite. Economically however it may be said to have no 
importance. The occurrence at Sohland has in the last few years been 
prospected and worked upon a small scale. 

Nicooute and Chromite Occurrenoe.s : Lo.s Jarales, Spain 

Inconnection with the nickel-pyrrhotite deposits the above occurrences, 
found 35 km. north-west of Malaga in Spain, may fitly be described. 
According to E. Gillman^ these deposits ocu-ur below water-level in serpen- 
tinized peridotite, represented by Iherzolite or saxonite. Three types of 
ore may be difierentiated : 1, the chromite type ; 2, the augite type ; 3, 
the norite type. The finst consists of a line-grained mixture of chromite 
with niccolite, NiAs, small grains of the former being embedded in the 

^ Ante, p. 281. 

® Ante, p. 288. 

® Inst Min. Met., London, 1890 ; reviewed by Krusch, Zeit. /. prakt. Geol., 1897 ; and 
V'ogt, Oes. der Wise., Christiania, Mar. 12, 1897. 
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latter. The second type is distinguished by the amount of augite and 
niccolite present; and the third by the presence of plagioclase and 
pyroxenes in addition to the two ores. 

As 8Ugge.sted by Gillman, without doubt here it is a question of the 
concurrent magmatic segregation of both the chromite and the niccolite. 
Near the surface the niccolite is altered to a nickel-magnesium silicate, 
garnierite, or pimelite. From this fact however no general conclusions 
concerning the origin of garnierite deposits may in our opinion be drawn. 

These deposits have little extent and have only been prospected or 
worked on a small scale at times during the period 18.50—1894. 

ANNEX 

Magmatic Bornite Deposits in Cape Colony 
LITERATURE 

A. ScHENCK. Zeifc. d. D. Geol. Gea., 1901, Vol. LIIL, p. 64.—O. Stutzeb. Zeit. 
f. prakt. Geol., 1907, p. 371, with review of pertinent papers by Honaldson and Rogers. 

These deposits occur at O’kiep in Klein-Namacjualand in the north¬ 
western portion of Cape Colony. The ores arc chiefly biunitc and chalco- 
pyrite, with smaller amounts of chalcocitc, pyrrhotite, molybdenite, etc. 
They occur scattered partly as small particles and partly as larger masses 
up to several metres in diameter, in basic eruptive rocks which formerly 
were repeatedly described as diorite. The constituents of this rock are 
hypersthenc, magnetite, bornite, a little biotite, and some basic plagioclase. 
The bornite is just as much a constituent of this rock as are the hypers- 
thene and the magnetite. 

The view put forward by Schenck in 1901 and again expressed by 
Stutzer in 1907 that these deposits are true magmatic segregations appears 
to us to be justified although, with bornite present, great care must be 
taken in coming to a conclusion since that ore usually belongs to the cemen¬ 
tation zone. 

These deposits are very important. They have been in continuous 
operation since the commencement of the ’fifties. Of late 5000—7000 tons 
of copper have been won annually from them, though whether to these 
figures of production deposits of other genesis contribute can not be said. 

The Monte Catini District 

In the Monte Catini district and at many other places in Tuscany 
rich sulphide copper ores, such as bornite, chalcopyrite, chalcocite, with 



MAGMATIC SEGREGATIONS 


301 


pyrite and some galena, occur within comparatively small masses of basic 
eruptive rock of Tertiary age. These have generally been spoken of as 
serpentine or as ophiolitic rocks, while in detail serpentine, diabase, and 
euphotide, the variety of gabbro, have been distinguished. 

Two eruptions may be recognized, an older now represented by Iher- 
zolite,and a younger from which olivine-gabbro and olivine-diabase resulted. 
With these the ore is most certainly connected since no mass of erujitive 
rock, however sniall, exists which does not contain at least a small amount 
of ore, generally in association with olivine-gabbro. 

B. Lotti in a number of papers ^ has defended the view which he put 
forward that these occurrences were the result of magmatic differentiation. 
This interpretation however seems questionable since the rocks in which 
the ores occur arc greatly decomposed and the ores themselves, including 
the groat lumps of native copper occasionally found, bear all the signs of 
cementation. It would appear rather to be a case of subsequent concen¬ 
tration of ore material originally finely distributed and of which the genesis 
has not yet been solved. This alternative view is supported by the con¬ 
sideration that in the decomposition of the rock the same agencies were at 
work which are so effective in the cementation zone of copper deposits. 
In this connection reference is made to the formation of bornite from 
ordinary chalcopyrite as illustrated in Fig. 99. 

(2) The Intrusive Pykitic Sui.phide Deposits 

A number of important deposits wherein relatively largo and compact 
masses of different pyritic sulpliides such as jiyrite, ])hyrrhotite, and some 
chalcopyrite occur concentrated,arc often considered together as onegroup, 
though geologically and also mineralogically they often differ materially. 
As the result of recent investigation some of these deposits, Rammelsberg 
for instance, are now with certainty recognized as sedimentary ; those of 
Meggen and Schwelm are decidedly of mctasomatic character; those 
of Traversella and Brosso in Piedmont, are of contact-metamorphic origin; 
while finally others, and these the most important, arc according to our 
view to be regarded as the products of magmatic differentiation. 

As long as the unity of this ‘ pyritic sulphide ’ group or more shortly 
‘ pyrite ’ group was assumed, great controversy centred around the ques¬ 
tion of its genesis. Krusch * however pointed out that the maintenance 
of a simple pyrite group in any natural classification of deposits gave to 
pyrite such a preference as no other mineral enjoyed, since by doing so the 
substance of the deposit would become the ruling principle in the classifi- 

^ Ze.it. f. prakt Qeol., 1894, p. 18. ‘I Depositi dci minorali mctallifori.’ Turin, 1903. 

2 Untermchxing und Bewertung der Erzlagerstatten. 
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cation and not the 'far more important genesis. Clearness concerning 
genesis and the advance in its acknowledgment demand that the old pyrite 
group be dissolved and that the individual deposits, hitherto classed 
together, be distributed among those different natural groups to which by 
their genesis they belong. Here therefore only^ those assumed to be the 
products of magmatic differentiation are treated, to which class w'e con¬ 
sider the occurrences in Norway, those of the Rio Tinto district in southern 
Spain, and in addition that of Bodenmais, belong. It is fairly certain 
also that the pyrite occurrence of Sain Bel near St. Etienne in France, 
the pyrite masses of Agordo and Gavorrano in Italy, and perhaps also the 
deposit of Schmollnitz in the Carpathians, belong to this class. 

It is characteristic of all of these that they occur in areas of regional 
metamorpliism. Generally they are conformable with the enclosing slates ; 
often the pyrite appears slab-like or even occurs in beds alternating 
with the country-rock, wlule at times the slates are traversed by pjrrite. 
The deposits not infrequently occur along zones of disturbance or other 
tectonic planes, while a breccia structure has repeatedly been observed in 
places, pyrite being the cementing material. In certain districts they 
occur regularly and in close connection with eruptive rocks, especially 
with basic rocks but more seldom with such as are intermediate. In 
isolated cases the pyrite bodies are observed to have been traversed by 
later intrusions of the same eruption. 

The most important ore is pyrite, not marcasitc, accompanied in places 
by pyrrhotite by which also it is sometimes rcjffaccd. The copper content 
arising from the admixed chalcopyrite is usually 0-5-3’5 per cent, 
higher than wdiich it seldom goes. In but few cases is the pyrite free from 
copper. Sphalerite and galena usually occur (pite subordinately. The 
manganese content is very low throughout being generally under ()•] per 
cent; the nickel-cobalt content similarly reaches only 0-05-0-1.5 per cent. 
In many places some arsenic is present, though antimony and bismuth 
are seldom met. A small silver content, generally 25-50 grm. per ton, is 
fairly constant, while the amount of gold present is generally one-twenty- 
fifth to one-hundredth that of the silver.’^ In isolated cases as for instance 
at Fahlun, the gold content is materially higher. Titanic acid practically 
speaking is absent. The phosphorus present is also so small in amount 
that in the residues after treatment only 0-008-0-01 per cent is found. 

The ore occurs mixed chiefly with quartz, hornblende, and magnesia- 
mica, and to a less extent with garnet, augite, epidote, zoisite, disthene, 
tourmaline, etc. Fluorite and the carbonates are of small importance, 
while barite as a primary mineral appears to be absent. 

From the conformity of the deposits with the slates, the slab-like 
^ Anie^ pp. 163 and 166. 
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structure of the pyrite, and the alternation of p}Tite with country-rock, 
many authorities conclude that the deposits are sedimentary. However 
from the unconformity observable in more places than one, from the occur¬ 
rence of breccia in certain districts, and from the not-infrequent occurrence 
of the pyrite along planes of movement and zones of disturbance not only 
in the slate but also in eruptive rock, the. epigenetic nature of the ])yritc 
is established. 'The regular connection of the pyrite bods with eruptive 
rocks in certain districts and their rupture by later intrusions from the 
eruption are further evidences that the formation of the pyrite rests upon 
eruptive phenomena. From analogy with the nickel-pyrrhotite deposits 
and from the manner in which the ore and gangue arc crystallized it would 
also follow that the deposits have arisen from a magma at its consolidation. 
Further discussion of this question of the genesis of these pyrite deposits 
is given later when describing the deposits in Norway. 

Economically speaking several of the deposits here t() be described 
are of the greatest importance. Formerly these were worked exclusively 
for copper but from about I860 they have also been worked for the ])yrite 
itself, this usually containing 45-49 per cent of stdphur. Fyritc is used 
for the production of sulphur and of late years also for that of sulphuric 
acid. Corresponding to the greatly increased demand for pyrite for these 
purposes in recent years the production from the principal mines, as 
indicated in the following table, has risen enormously ; 


Jii Metric Tons. 

Produced — 

1870. 

about 

188(1. 

1890. 

I'KKI. 

1007. 

Southern Spain 

400,000 

1,480,(100 

2,320.000 

2,840,000 

3.200,000 

„ Portugal . 

Exported— 

150,000 

3IX),()00 

300,000 

403,000 

.351,000 

.,onio 

Soutliorn Spain 

2.50,000 

C20,0()0 

850,000 

9.50,000 

1..500,000 

„ Portugal . 

li^roduccd— 

100,000 

180,000 

115,000 

(somn 

2,50,000 !) 

li’rance, ohiofly Sain Bol . 

00,400 

02,800 

208,200 

304,000 

280,00(1 

Norway .... 

80,000 

75,000 

60,000 

100,000 

2,35,000 

1 Schmollnitz, Hungary . 

... 

38,000 

77,000 

80,000 

somo 

Italy .... 

... 

5,000 

15,000 

70,000 

80,000 


In the above table the latest export figures for Portugal not being 
at the time available are not included. Outside of Sain Bel the pyrite 
production of France latterly has only amounted to some thotisands of 
tons per year. The production in Italy has of late years come not 
only from Gavorrano and Agordo but also from Brosso, Traversella, 
and perhaps also from other mines. 

The finest pyrite deposits in the world are those of the Rio Tinto or 
Huelva district including those occurring within the adjoining Portuguese 
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territory, which altogether and up to the end of the year 1908 had produced 
some 125 million tons. Next in Europe comes that of Sain Bel in France 
which from 1872 to 1908 produced some 7-5 million tons. 


Norway 

LI'I’ERATURE 

Til. K.ii!iuiLr. Die (ioologie ilo.s su<llicheii Norwcgciw. lionn, 1880; Nyt. Mag. f. 
Naturv. XXVll., 1888 ; XIX., 1885.—A. Ui5LI..\ni>. 100.10 in gewisaen Sehiefern in Nor- 
wegen, Univeraitatiprograrnin. Christiania, 1878.—H. Rnusen. Nyt. Mag. f. N.aturv. 
XIX., 1885.—.1. H. Ij. VooT. ‘ Salten und Ranen,’ Norw. Geol. Unters. No. 3, 1890, 1891 ; 
‘ Ober die Kieslagonstattcn vom T'ypus Roroa und Rammclshorg,’ Zeit, 1. jirakt. (Jcol., 
1894; ‘Problems in the Geology of Oro-Deposita,’ Trans. Am. Inst. Min. Eng. X.XXI., 
1902; Dio Erzlagorstattcn und dor Borgbau im nordlichcn Norwegen. Christiania, 1902; 
(Ibcr Nickel. (Ihristiania, 1902; Dor Borgbau in dem Trondhjomgohiet. Trondhjeni, 
1905 ; the articles before mentioned on p. ‘240 in the Norw. Geol. Unters. .Jahrb., 1905. 
—W. (1. llRoiuiiiU. Vortrag, Ges. d. Wiss. Chri.stiania, Sept. 1901; Reviews of articles 
by Vogt and Brdggcr in the Geol. Centralbl., HI., VI., VIII.; Zeit. f. prakt. Geol., 1899, 
1900, 1904, 1900.—A. W. Stulzhise. Die Sulitjelmagruben. Erciberg, 1891.—Hi. 
S.ioaREN. ‘ t)bcr Sulitjelma,’ Gool. Foron. Forh., 1894, 1895, 1890, 1900.—0. Nordens- 
K.ioi,D. ‘ t'bcr Bossmo,’ ibid., 1895.—O. Stutzer. Ostorr. Zeit. f. Berg- u, Huttenw. 
1900, No. 44 ; Zeit. f. prakt. Geol., 1909, No. 8 .—Gi.inz. Berg- und lluttcnin. Zeit., 1902. 
—Everdino. Ibid., 1903. 

The Norwegian pyrite deposits are widely distributed over that 
country. To the north they arc found at Birtavarre, Sulitjelma, Bossmo, 
etc.; in the centre at Ytterii, Meraker, Meldalen, Killingdal, Kjoli, Roros, 
Rostvangan, Foldal, etc., in the Trondhjem district; and towards the .south 
in Sondhordland and Vigsnas. M occur at various horizons within Cambro- 
Siluriaii formations and always in areas of regional metamorphism; in 
the fundamental crystalline schists on the other hand they are entirely 
absent. The Palaeozoic formations in which they occur are traversed by a 
large number of eruptive rocks which form a complete series extending from 
sodium-granite on the one side to gabbro or even to peridotite on the 
other. These are often more or less altered, the gabbro indeed is rarely 
unaltered but occurs chiefly as saussurite-gabbro or even as zoisite-amphi- 
bole schist. By observation of the petrographical gradations and by 
analyses it can be shown that this schist with 46-50 per cent of SiO^ has 
resulted from the gabbro by pressure metamorphism. Nevertheless the 
rooks in all cases are plutonic, occurring often as illustrated in Figs. 
207, 211, and 212, in the form of laccoliths, of which in more than one case 
both the upper and lower surfaces can be seen. The intrusion of these 
eruptive rocks probably took place concurrently with the folding of the beds, 
so pronounced in this hilly country. In addition to these plutonic occur¬ 
rences, volcanic sheets are perhaps to be found in the district of Trondhjem. 

The pyrite deposits only occur within those Palseozoic areas which 
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are crossed by eruptive rocks and then generally only in close proximity 
to or even within gabbro. This phenomenon was noted forty years back 
by Th. Kjerulf, since when it has been corroborated by later investiga¬ 
tion, especially by Vogt. Of twenty-eight more important occurrences 
reviewed by this authority in 1894, twenty-six were at that time shown 
to be in the immediate neighbourhood of saussurite-gabbro, and in the case 
of the remaining two the presence of basic eruptive rock in their neighbour¬ 
hood was also estabhshed later.^ Of late years, and more particularly in 
Northern Norway, a large number of new pyrito deposits have been found. 



Fig. 206.- Section of the Vanildso mine shoiviiig three pjiite deposits Ijing eonforniaMt* 
to one anotliet and close togetliei. Vogt. Zeit./. piakt. (leal , 189-3. 


all in the neighbourhood of basic rock more or less strongly foliated. For 
the greater part these are conformable to the schists in which they arc 
embedded and are generally found within less than one hundred metres of a 
gabbro mass. An excellent example of such a geological position is afforded 
by the Mug mine near Eoros, illustrated in Fig. 207, where the distance 
between the pyrite deposits and the saussurite-gabbro above them hardly 
reaches 50 m. With some deposits the distance between pyrite and gabbro 
is somewhat greater and at low angles of dip the horizontal distance may 
measure as much as one kilometre. More rarely the deposit does not lie 
in the schists but within the mass of gabbro itself, and then generally 
along some plane of movement or crush as illustrated in Fig. 208. 

' Vogt, Zeit. f. prakl. Ueol., 1894, p. 124. 
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These deposits according to the mineral predominantly contained 
may be divided into several classes, all of which however are connected 
by a full number of intermediate grades. These are as follows; 

1. Occurrences consisting chiefly of pyrite, usually with some chalco- 
pyrite and sphalerite, but generally without pyrrhotite, and with only 
traces of galena. The hand-picked ore of this class, or that obtained by 
concentration, contains as a rule about 44-40 per cent of sidphur with 
hl-3-5 per cent of coj)per. 


Saimurile-ijabiro 

-^ '-^hullite-'Schi^ 

Longitudinal Section 


SO too too 
N 


•too SOOm 


.... 

. ■' v' ' . ■ iio .{ 


■■ 




, Mug-Mmr 


Horizontal projection 


Saussurite-gdbhro 

\PhgHite schist 



Igrite 


Fio. 207.—Horiiiontiil .section tliron^ih tlie nime with loiigitiKlnial ainl cros.s .sections. 
Vo^^t, Zext f. imikt. (U'oL^ 1894. 


2. Occurrences of pyrite and chalcopyrite with comparatively much 
quartz, hornblende, etc. 

3. Occurrences of pyrrhotite with chalcopyrite, quartz, etc. 

The smelting ore of these two latter classes contains generally 4-6 
per cent of copper and 0-l-()-2 per cent of nickel and cobalt. 

Arsenic is either completely absent or its amount hardly reaches 
O'l per cent. Galena is poorly represented though it occurs here and there 
as do also tetrahedrite and bornite. The small though constant presence of 
gold and silver has already been mentioned on pp. 163 and 165. Magnetite 
is absent from most occurrences though in isolated cases and to a limited 
extent it may even be the principal mineral. The Fosdalen mine at 
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Trondhjemsfjord for instance is working an ore-body which consists of 70 
per cent of magnetite, C per cent of sulphur, traces of chalcojiyrite, and 
about 24 per cent of quartz, hornblende, etc. 



FlO. 208.—Section ill tlie Stoilm.siiiaiut mine iii Meriiker. Vogt, Xeit. f. prakl. deol. 1894. 

.Scliiht.. 

Schist with 
some pyi lie. 

. .Fmc-irriimoil 
pyntc. 

.. C(Kirse->:raiiicd 
pynte 

....Schist. 

. "'pha!. m:«* 

^Mlh pjrito. 

Chalcopyritt> 
principally. 
Clialcopynto 
witli pyrito. 

f’lQ. ‘209. —Specimen from the Kongens mine near Roros ; onc-lialf natural si/<‘. 

Vogt, Zeil. J. prakt. (/co/., 1894. 

The view expressed by Klockinann i that the pyrite, FeS.„ of the Nor¬ 
wegian deposits has often been altered by contact-nietamorphism to pyrrho- 
tite, FeS, appears to lack proper foundation. In the now-abandoned 
Vigsnas mine, which between the years 1866 and 1894 produced about 
900,000 tons of pyrite from deposits dipping at a high angle, the average 
copper content of the pyrite sank from about 3 per cent in the upper levels 

^ Ze.it. f. prakt. QeoL, 1904, p. 153. 
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to about 1 per cent at a depth of 700 m. No similar decrease in content 
has however been observed in the other Norwegian occurrences, most of 
which lie fairly flat, nor on the other hand has any secondary enrichment 
similar to that found in the Huelva district been observed. 

With all these occurrences the moat important gangue minerals are 
quartz, hornblende, biotite, chlorite, talc, and exceptionally garnet. In 
addition to these the following have been observed to occur: pyroxene, 
epidote, zoisite, and various carbonates, together with disthene, titanite, 
fluorite, and tourmaUne, as rarities. Of secondary formation are various 
zeolites, as well as the anhydrite occurring at Sulitjelma. Fragments and 
flakes of slate often occur witliin the ore, and the deposit on its flanks often 
passes over into zones impregnated with pyrite and resembling fahlbands. 

The ore has as a rule a banded stnicture which arises from the varying 
composition of the individual layers. This structure which is illustrated 
in Fig. 209, is often strengthened by the frequent inclusion of .slate and 
quartz lenses. It is also very characteristic of these deposits that wliile 
they often possess considerable extension in a direction approximately 
that of the dip, they have a relatively small extension along the strike and 
very moderate thickness. Their form has often been described as re¬ 
sembling that of a flat rule or of a cigar pressed flat, a description which 
according to Fig. 207 appears not inappropriate. Dimensions of some of 
the principal deposits are given in the following table : 


District. 

Name of Mine. 

Length 
(•IHincil to 
tluto gemir* 

Wi<ith Jit 
rinht jumics 

Averauc 

width. 

- 

Dip of 
surrounding 

. _ 


ally uloii^ 
the thp. 

t.u leimth. 

Slates. 

! 

tKongons 

I iStorvarts 
(Mug 

m. 

2000 

m. 

50-160 

in. 

I'O- 5-0 

Variable 

I Roros .... 

1400 

120-300 

0-5- 3 0 

6^ 

1 

1 

1250 

110-160 

0-2- I f) 

4® 

1 

(Gikcn 

900 

160-180 

0 !)- 2-5 

25‘’-30° 

Sulitjelma . 

] Charlotte 

600 

250-300 

Oil- 2 0 

20°-25“ 

(Ny-Sulitjelma 

650 

200-250 

2 0- 0-0 

33‘’-45° 

Lillefjeld . . . 

Meraker 

500 

100-120 

10- 3 0 

60® 

Killingdal . 


600 

66-85 

20.100 

26® 

__ .. 

___ ___ 

— — - 

... _ 

___ 

— — 


At Killingdal and at Sulitjelma where the mines have only been work¬ 
ing during the last decades, the true length of the ore-body will undoubtedly 
ultimately be proved to be greater than that at present exposed. The dip 
of the country-rock is generally fairly flat, being often between 5“ and 
35°, while the angle between the direction of this dip and the extension of 
the pyrite bodies is often from 10-30°, though sometimes it is greater. In 
cases of such divergence it is said that the mines ‘ pitch into the country.’ 
In many cases also it has been established that the extension of the pyrite 
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body is parallel to the direction of folding as indicated in Pig. 210, or to the 
extension of the surrounding slates. 



Fig. aio.—Cross section of tlie p.vnte boil> iit Killin);il:il. Tlic Ii'IikIIi of tins Ijoily rims with 
the iiiilieliiuil ami synclmal axes ri-iireseuted hy the points «. u ; h, h, lespeetixoly. Voet 


In numerous cases the deposits occur near the foot-wall of the gabbro 
between a hard compact rock, locally termed Hanrdarl, and fissile slates. 


Hestekletten 



Mine 

Kui. 211. - Sectmii of the (^iiiiitnN-He'.tekletteu niiiu- .'it Hmos. A section alonj' ,i 
north-south Him* wonlil |)resent the 'nine incline Vo^'t. 


Only (piitc exceptionally do they occur near the hanging-wall. Often, 
as illustrated in Pig. 207, the occurrence may be found some 50 in. below 
the contact. The deposit in the Quintus-Ilcsteklcttcn mine at Eoros, 



Kj(I. 212.—Section parallel to the outcrop at the Alo.skcdal mine, Keisen. Voj^t. 


illustrated in Fig. 211, and that of the Moskedal mine in the district of 
Tromso, illustrated in Fig. 212, both occur actually at the lower contact 
of an occurrence of gabbro. 

At Sulitjelma a pyrite zone about 8 km. long is found on the north 
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side of the Langvand between fissile mica-schist below, lying fairly flat, and 
a series of relatively compact rocks above. These compact rocks are chiefly 
zoisite-amphibole schists which originally were probably foliated gabbro. 
Within this zone, which generally speaking is but a valueless impregnation 
resembling the fahlbands, there occur at least sL.x valuable pyrite bodies, 
the dimensions of which may be gathered from the table given above. 



Fk;. *213.—Section tliroiigli tlie Hulitjclniii tieM ui the iiei^hliourhood of the 
(Jiken nime on the north side ot the. I>an;; liiike. 


A similar pyrite zone with occasional bodies of ore is also found on the 
south side of the Langvand. 

Even where the slate of the country-rock is regular in strike and 
dip, as for instance at the Mug mine illustrated in Fig. 207, many folds 
and bends tnay nevertheless occur within the ore-body itself, as illustrated 
in Fig. 214. Particularly in the hanging-wall of a deposit the pyrite often 



Fia. 214.—Specimen from the Koiigeiia mine near Uoros ; tlie stippled areas are of 
quartz; one-half natural .size. Vogt, Xeit.f. pmh-(. Oeo^., 1894. 


sends off branches and veins which enclose rock fragments, while occasion¬ 
ally occurrences of breccia may be observed in close connection with the 
deposit. 

The pyrite body at the Mug mine consists chiefly of pyrrhotite and 
chalcopyrite with some quartz, together with innumerable fragments of 
country-rock which evidently have resulted from a sliding and grinding 
movement along one special bed. The Lbkken mine at Meldalen exploits 
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in greater part a veined zone one hundred metres wide, the structure of 
which is illustrated iti Fig. 215. 

With regard to the genesis of these deposits, a sedimentary origin was 
argued in the ’seventies, more particularly by Hclland who in the ’eighties 
was supported by Vogt and in 1891 by Stelzner. The frequent branching 
of the ore-bodies, the breccia structure just described occurring both on a 
small and on a large scale, and the occurrence of the deposits along planes 
of movement within eruptive areas, point nevertheless with certainty to an 
epigenetic origin. Some authorities have advocated an origin by hydro- 
thermal and metasomatic processes, but such views find no support in the 
observed facts. From their intimate association with gabbro or foliated 
gabbro Kjerulf long ago drew the conclusion that the ore-bodies must 



Pi(f. 215.—Pynte bnnicia from tlu- Lnkken mine, the ])yrite being representeil black. 
Smaller \eiu8 aie .seen to Inaiicli liom the larger ones. 


stand in some sort of genetic relation to gabbro, a view confirmed by later 
investigation, especially that undertaken by Vogt. The jryrite bodies are 
in places, as for instance in the Lokken and Hciidal mines at Meldalen, 
traversed by dykes of diabase or of granite which represent the later 
effusions of thj eruption. The formation of these ])yritc bodies is there¬ 
fore contemporaneous with the magmatic period oi the, eriqjtive rocks. 
It follows from the form and .structure of the deposits that they could 
not have been formed by long-continued deposition from different solutions, 
but that the whole of the material must have been introduced or in¬ 
jected at once. From these considerations alone it may be concluded 
that these pyritc deposits are, the products of magmatic differentiation. 

Again, as Briigger remarked, the idiomorphic and resorbed crystals 
of pyrite found, indicate that these deposits must have been formed by 
consolidation from a magmatic solution. The cubes of pyrite, sometimes 
as large as the fist, which were the first products of crystallization from 
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the magma, correspond structurally and genetically for instance with 
the quartz dihexahedra of quartz-porphyry. Attention is here directed to 
the statements of E. Weinschenk concerning the crystallization and sub¬ 
sequent resorption of different minerals found within the pyrite deposit of 
Bodenmais, more fully mentioned on p. 339. ^ 

These deposits, containing as they do but 0'l~0-2 per cent of nickel 
and cobalt, differ mineralogically and chemically no less than they do 
in relation to their shape, from the nickel-pyrrhotite deposits, though 
these also are associated with gabbro. There are however gradations 
between the two classes. For instance a deposit of pyrrhotite and chalco- 
pyritc with some pyrite at Fao in the neighbourhood of Vigsnils, must be 
regarded mineralogically, structurally, and morphologically, as an ordinary 
pyritic ore-body. Since however it contains about 2-5 per cent of nickel 
and cobalt chemically it is closely connected with the nickel-pyrrhotite 
deposits; Vogt indeed quoted this connection as further evidence that 
these pyrite deposits like the nickel-pyrrhotite deposits were magmatic 
segregations. 

In some districts, as for instance in the schist country of Viirdalen in 
the district of Trondhjem,thetwo classes of sulphide deposits occur together, 
those of nickel-pyrrhotite within the gabbro or immediately at its margins, 
and the pyrite occurrences in the neighbouring schists. It follows there¬ 
fore that those physical-chemical processes upon which the original separa¬ 
tion of the two classes of deposit rests cannot be identical in all their 
relations. Among other features it is common with both classes that 
the pyrite crystallize first. In addition, with each it is found that 
the ore rich in copper occurs more often in the marginal portions of ' 
the deposit, a disposition which may be explained by magmatic differ¬ 
entiation in situ, that is within the already separated sulphide magma. 

Where the nickel-pyrrhotite deposits occur at the contact of gabbro 
and schist they occasionally send spurs of fahlband character into the 
surrounding schistose gneiss, this, as mentioned on p. 285, being repeatedly 
the case at Ringcrike. These fahlbands of nickel-pyrrhotite, which are 
seldom more than 20 m. in length, show a striking structural similarity to 
the impregnations which accompany the pyrite deposits. As with the 
chromite- and the nickel - pyrrhotite deposits so also is it the case 
with the pyrite deposits that the important occurrences as those of Sulit- 
jelma, Meldalen, Roros, Foldal, Vigsnas, etc., all occur in districts where 
eruptive rocks are strongly represented. The gabbro which accompanies 
them is a plutonic or deep-seated rock generally introduced in the form 
of laccoliths and doubtless under very high pressure. The same dynamic 
conditions also controlled the injection of the sulphide fractional magmas 
separated from the original gabbro magma, while at the same time they 
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explain the curious shape of these deposits. Generally no special fissures 
were formed for the injection but the pyrite magma was forced along the 
bedding- and fracture-planes already existing. The conformity between 
deposit and schists, usually to be observed, and the occurrence of the former 
along planes of movement in the gabbro, are thus explained. In addition, 
an explanation is afforded of the fre(iuency of the deposits immediately 
at the contact of a compact rock above and a fissile sclust beneath, as 
illustrated in Figs. 210, 211, and 212. With the forced entry of the 
sulphide magma, movement and trituration took place, often, as illustrated 
in Fig. 214, accompanied by contortion, or by the formation of breccia 
such as that illustrated in Fig. 215. The strange drawn-out form and 
the frecpiently observed parallelism of the deposit to the folds and strike 
of the schists are also to be explained by intrusion under dynamo- 
metamorpliic pressure. 

From the foregoing it will be seen that the pyrite deposits may be 
regarded as laccoliths on a small scale. Since the sulphide magmas were 
very fluid they w'ere able to find their way along the foliation planes of 
the schistose country-rock, to form there impregnation zones resembling 
fahlbands. The occurrence of such impregnated zones along the continua¬ 
tion of the pyrite bed proper is thus explained. 

Following Brogger and Vogt, the origin of the Norwegian deposits 
by magmatic intrusion has lately—in 1900 and 1909—also been advocated 
by 0. Stutzer. 

This view is also supported by the fact that the minerals 
accomj)anying the pyrite, namely ([uartz, hornblende, etc., are e.8])ecially 
prone to be formed under conditions of dynamo-metamorphism. 

As far back as the first half of the seventeenth century a number of 
copper mines were working these deposits in the Trondhjem district. 
At Boros work began as early as the year 1G44 since when it has continued 
uninternipted to this day. At Sulitjelma in Nordland, at present the most 
important mine, work was first begun towards the end of the ’eighties. 
Altogether ab(jut 125,000 tons of copper have hitherto been produced 
from the pyrite deposits of Norway, in addition to which since the 
’sixties about four million tons of pyrite have been obtained. This pyrite 
contains generally 44—46 per cent of sulphur and some copper; arsenic 
is generally absent or present to the extent of less than O-Ol per cent. 
The rate of output of pyrite has of late risen from 60,090 to 80,000 tons 
per year, as it was from the ’sixties to the ’eighties, to present figures of 
about 250,000 tons, in addition to a metallic copper production of about 
1500 tons. Approximately one-half of these present figures are contributed 
by Sulitjelma alone, a proportion which will increase when the projected 
enlargement of the work at that place is complete. 
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' FaHLUN—SWKDEN 

The famous old deposit at this place according to A. E. Tornebohm * 
lies in grey quartzite with granulitic gneiss. In the vicinity eruptive rocks 
such as granite and diorite, together with dykes^ of felsite and trap, are 
found, these dykes crossing the ore-deposits. These deposits occur within a 
superficies about 600 m. long and 400 m. wide as irregular ma.sses enclosed 
to a great extent by crushed country-rock. Three types of ore are 
distinguished; 

1. Soft ore, consisting cliiefly of pyrite, some chalcopyrite, quartz, 
hornblende, etc. This class corresponds to the Norwegian pyrite. 
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Flo. ‘J16.- The pyrite depo.sit at Falilvni. Tdriiebohni. 


2. Hard ore, chiefly quartzite impregnated with chalcopyrite to the 
extent of S-.'j per cent of copper, and pyrite. 

3. Rich gold ore, essentially a hard ore traversed by v/>ins of metallic 
gold and of seleniferous galena-bismuthinite, this mineral having according 
to M. Weibull * the composition PbS.Bi^S.^ + PbS.Bi,Se,^ with 51 per cent of 
bismuth and 14 per cent of selenium. The gold is found almost exclusively 
in the immediate vicinity of the selenium mineral so that by hand-sorting, 
a selenium ore containing 10-30 per cent selenium is obtained on the one 
hand, and a gold-ore containing 100-.300 grm. of gold per ton on the other. 

The soft ore containing on an average 2-3 per cent of copper, 2-3 
grm. of gold and about 20 grm. of silver per ton, occurs in very large bodies 

* ‘ Pie Geologic der Fahlun Gnibe,’ Geol. Foren. Fork. XV., 1893. 
a Ibid. VII., 1885. 
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bounded by crush-planes, as illustrated in Fig. 216. These however pinch 
out at a depth of about 360 m. The other ores occur in the country-rock 
adjacent to the pyrite masses. 

Tornebohm in 1893 regarded the soft and hard ores as sediments 
which, subsequent to their deposition, had been altered by folding, 
dislocation, and the intrusion of eruptive rocks. Vogt considers the 
entire formation as epigenetic. The occurrence of auriferous veins in 
connection with pyrite masses and impregnations is particularly interest¬ 
ing. It may be regarded as an intermediate type between this group of 
pyrite deposits and certain gold-quartz lodes. 

The Pahlun mine whi(!h has been worked continuously since the year 
1220 has produced about 500,000 totis of copper, 15 tons of silver, and 1-5 
tons of gold, the total value of tliis production being about 57 millions 
sterling. The zenith of its prosperity was in the seventeenth century 
when in the year 1650 no less than 3155 tons of cojiper were produced. 
From that time the production has declined till latterly it has been 
approximately 300 tons of copper per year contained in copper-sulphate, 
and some 30,000 tons of poor pyrite used for the manufacture of 
sulphurous and sulphuric acid. The gold production which began in 1881 
and rose in 1898 to 109-8 kg. has fallen again so considerably that 
in 1907 it reached only 26-1 kg. 


Pyeitk DurosiTs at Rio Tinto 
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This most important district known sometimes as the Huelva district 
after the Spanish port of that name and sometimes as the Rio Tinto district 
after the name of the principal river, extends in the southern portion of 
the Iberian peninsula almost from the Atlantic on the west to the Guadal- 
quiver on the east, following generally the southern slope of the Sierra 
Morena and that of the western continuation of the Sierra de Aracena, 
upon which slopes the most important mines between San Domingo in 
Portugal to the west, and Rio Tinto to the east are found grouped. 
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By far the largest number of these deposits therefore lie in Spain. 
The length of the zone, not taking into account the smaller isolated deposits, 
is about 130 km. and the width about 20 km. The principal occur¬ 
rences are Rio Tinto, situated about 83 km. from the port Huelva; 
Tharsis, 45 km. from Huelva; and San Domingo, about 17 km. from 
the town of Pomaron situated on the navigable river Guadiana. Other 
important occurrences are : La Pena, Poderosa, Esperanza, San Miguel, 
La Zarza, Lapllla, etc. Several of the deposits mentioned are indicated 
on the map. Fig. 217. 

The district is traversed by a number of railways most of wliich start 
from Huelva and diverge to the north and to the north-east. These are 
in part special mineral railways but they also include main lines, as for 
instance that from Huelva north through Zafra to Lisbon and that east 
through Seville to Madrid or to Cadiz. Farther to the west the district is 
served by the line which runs from Ajamonte through Faro and Beja to 
Lisbon. In addition to these, several east-west cross-lines join together 
different mines belonging to the same company. 

The principal features of the geological stnicturc of the district are 
to be seen from Fig. 217, which is taken from the International Geological 
Map of Euro])e. Upon this map the pyrite deposits are indicated by spots 
of dark colour. The uplands which border on the Huelva flat and which 
are characterized by soft hills rising from 300 m. to heights of 400 m. or 
even 500 m., consist of Palaeozoic beds interbedded with numerous eruptive 
rocks and transgressed by others. These sediments strike approximately 
east-west with a slight trend towards the south-east and have in general 
a steep dip to the north. 

The most careful geological investigation of this district yet under¬ 
taken is that by Gonzalo y Tarin, who distinguished an ancient formation 
upon which the Cambrian, Silurian, and Culm rested. This ancient for¬ 
mation consists of gneiss, mica-schist, quartzite, limestone, and hornblende- 
schist, while the Palaeozoic sediments lying as a covering upon it consist 
chiefly of clay-slate greatly dynamo-metamorphosed, subordinately of 
grauwacke, and to a lesser extent of limestone, lyddite, and hornstone. 
In a few places fossils, recognized in part as Silurian and in part as Culm, 
have been found though not in sufficient number to settle the stratigraphy 
of the district, especially as the geological correlation depends in part upon 
questionable petrographical differences. For instance latterly. Culm 
fossils were found within rocks previously supposed to be Silurian. Accord¬ 
ing to Klockmann there probably is present an unbroken sequence of 
Silurian, Devonian, and Culm formations, which have been intensely folded, 
inverted, and even overthrust. 

Among the eruptive rocks, granite, syenite, diorite, porphyry, and 
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Fig, 217. — Geological map of the Unelva district hasetl uiion the Tnteriiatioiial Geological Maj) 
of Europe, ami showing the position oj tlie following mines: 

1, Borranco Trimpaneho: 2, Itomana; 9, Onexii d« liv Moia; 4, Monte Hoinero and ; f>, San 

Platon: 6, Concepcion; 7, Perunal; 8, Sotiel Coronada; 0, San Pedio an<l (Uorm; 10, Podemsa; U, 
Chaixinta; 12, Castillo do lasOnatdaH; 18, Pom ilel Ilieno; 14, San Telmo. 
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diabase are the most frequent. Schmidt and Preiswerk in 1904 described 
small bosses of granite accompanied by their contact-zones at Gala and 
in the immediate neighbourhood of the pyrite occurrences at Castillo de 
las Ouardas. Foliated porphyry and porphyrite of variable composition 
occur extensively throughout the entire district, while quartz-porphyry 
with about 76-5 per cent SiO^, quartz-diorite porphyry and felsophyre 
with 62-6 per cent SiO.^, as well as more basic porphyrite such as diabase- 
porphyrite with but 40 per cent SiO,,, occur occasionally. 

Klockmann considered all these porphyries and porphyrites to be sheets 
contemporaneous with the sedimentation of the slates and mentioned 
rocks which he regarded as tuffs. On the other hand Gonzalo y Tarin, 
and with him do Launay and Vogt, considered that an intrusive origin of 
these rocks was indicated, a view which Schmidt and Preiswerk have 
lately defii\itely established. The occurrences of porphyry and porphyrite, 
representing between them an almost continuous petrographical series, 
all appear to belong to the one long-continued eruption and in their entirety 
to be intrusive. The bedded form wliich they take is to be explained 
by their intrusion during plication of the strata. In any case the pyrite 
deposits are invariably found in the near neighbourhood of these porphyry 
beds, and most of them, even if not all, occur in the Culm measures and not 
in the Silurian, as indicated on the map previously mentioned. 

The alteratioTi of the country-rock throughout the whole district is very 
characteristic. Itegional-metamorphism appears to have proceeded with 
contact-metamorphism, this latter being more often remarked in the neigh¬ 
bourhood of the plutonic rocks, while the former has not only left its im¬ 
print upon the sediments but also upon the cruptives. To the present 
it has not yet been determined where stratigraphically the line shall 
be drawn between the crystalline schists and the (kmbrian, nor in how 
far the first may only be altered sediments. The porphyry often shows a 
striking kaolinization which it is difficult to explain by the ordinary 
processes of weathering only, but which is more probably due to thermal 
effect in connection with younger tectonic phenomena. 

The deposits are found both within the eruptives* and the sedi- 
mentaries as well as at the contact of both. Like the beds enclosing 
them and as indicated in Fig. 97, they dip steeply and arc lenticular in 
form. This shape, as can be seen in many cases, is not original and it 
must be referred to subsequent tectonic movements which have affected 
country-rock and deposit alike. 

Among the tectonic phenomena which come into consideration that of 
plication must receive first mention; it has tilted the beds and given 
them their general east-west direction. Of no less importance are the 
transverse faults and overthrusts. The former strike approximately 
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north-south and dip sometimes to the east and sometimes to the west. 
They effect the appearance of lateral dislocation which is so extensive 
in and characteristic of the Rio Tinto district, one result of which may 
well be that not a few of the deposits now regarded as independent 
may in truth be but portions of one and the same body first severed by 
these transverse faults and then thrown out of line, to the north or to the 
south. Since in many cases an alteration of the ore-body took place at 
the same time in the neighbourhood of these faults, a lenticular form 
often resulted in this way. 

'I’he overthrusts are quite distinct from the faults. They are to be 
regarded as the products of plication although they cannot always 
have marked an end to its operation, but sometimes arose while it was 
still proceeding. With them the foot - wall was thrust up over the 
hanging-wall. Under favourable circumstances, where this may have 
happened more than once, the original width of the pyritc body may have 
become so affected that greater width of ore-body alternates almost regu¬ 
larly in depth with smaller width, as for instance in the San Miguel mine. 
In cross section such an occurrence presents the ai)pearance of a se(juence 
of lenses within which it is occasionally still possible to recognize indications 
of the disturbances to which the increase of width of the deposit is due. 
It is worthy of remark that overthrusts in ore do not shape tlieir planes 
in a manner typical of their occurrence in softer rock. While in this they 
generally form a crushed zone in which only in the rarest case does any 
open space remain, the plane of overthrust in ore often stands some centi¬ 
metres open. 1'he difference rests naturally upon the greater resistance, 
hardness, and brittleness of the ore-bodies. Where these have been subject 
to intense tectonic movement they must naturally also have suffered 
intensely in their internal structure. As evidence of this the ore-bodies 
in many mines are found crushed and reduced to an infinite number of 
small angular pieces some centimetres in size, forced and kneadeil into one 
another. 

The size of these Iberian pyrite deposits whether in strike or dip is 
very variable.'* While occasionally the irregular, lenticular, or columnar 
ore-bodies possess remarkable width and extension in depth, others which 
may appear important at the surface have at a depth of 200 m. already 
pinched out, as was the case at El Confessionario and in two cases at 
Tharsis. In addition a large number of mines show decreasing dimensions 
in depth. The relations between the length, depth, and horizontal extent 
of several ore-bodies is given in the following statement: 

* Vogt, Zeit. f. prakt. Geol., 1899, p. 241. 
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Jiength. 

Maxituum 

Width. 

Average 

Surface 

Width. 

Surface 

Area. 

Deepest 
Shaft 1896. 

Rio Tinto— 


Metres. 

Metres. 

Metres. 

Metres. 

Dionisio .... 

1000 

150 

60-70 

66,000 

376 

South Lode 

1100 

180 

40-60 

60,000 

300 

North Lodo 

300 

100 

80 

26,000 

150 

San Domingo 

400 

7C 

30-50 

15,000 

160 

Aguas Tenida-s 

150 

76 

60 

..._ 

7,000 

160 


As illustrated iti Fig. 115 some mines work more than one ore-body; 
the Rio Tinto for instance. The South Lode of that mine presents striking 
differences in width. At the surface this is as much as 180 m. of compact 
pyrite, from which high figure it decreases to a pronounced pinch at a 
depth of 100 m., while along the strike it disappears after some hundred 
metros. 

According to experience the general statement may be made respecting 
the Huelva district that the j)yrite occurrences there reach no great depth. 
So far they have been followed down to 300 -400 m., at which depth the 
decrease in width is considerable. 

The horizontal area on the surface of some of these deposits may be 
seen from the above table. The total area has been estimated to be just 
under 500,000 sq. m., the significance of which figure will be apparent when 
it is compared with analogous measurements of other European occur¬ 
rences ; the pyrite deposit of Kaminelsbcrg for instance with approxi¬ 
mately 8000 sq. ni. 

The pyrite deposits of the Rio Tinto district represent not only one of 
the largest accumulations of copper in the world but at the same time 
the greatest collection of pyrite. It is probable that originally there was 
in these deposits altogether from 2,50 million to 400 million tons of pyrite 
containing 1-3 per cent of copper. Of this total however a large tonnage 
has been removed by erosion wdiile some 125 million tons have been 
mined. Concerning this latter figure it must be remarked that in conse¬ 
quence partly of primary variation in deposition and partly of subsequent 
enrichment near the .surface, this tonnage contained the richest of the 
copper ore. 

The primary ore is chiefly a fine-grained, compact pyrite mass con¬ 
sisting chiefly of pyrite, with some chalcopyrite and small amounts of other 
sulphides, galena, sphalerite, etc., these latter being however generally 
not visible to the naked eye. In addition there is some small admixture 
of quartz the amount of which in places however may increase. At times 
also streaked or striped patches occur, and in isolated occurrences the 
pyrite may be banded with galena or sphalerite in such a manner so as to 
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resemble the ‘ mixed ore ’ of Rammelsberg. Often too the ore-bodies consist 
of a sequence of numerous conformable thicknesses of variable composition ; 
while finally in the neighbouring schistose country-rock pyrite impregna¬ 
tions resembling fahlbands are found. 

Of groat scientific interest and of equal economic importance for the 
Huelva district are the primary and secondary depth-zones which have 
been demonstrated to occur in connection with the distribution of the 
metal content in these deposits. By surface weathering the original pyrite, 
invariably containing more or less copper, has become altered to limonite. 
With this change the copper content has in most cases become so com¬ 
pletely leached that no trace of resultant malachite or azurite can be seen, 
while even chemical analysis is often unable to offer any evidence of an 
original copper content. The removal of the sulphur is equally complete, 
analyses of the gossan generally showing this to be almost completely 
free from both copper and sulphur. 

It would consequently be difficult for a mining engineer or geologist 
unaccustomed to such conditions, to determine from surface exposures 
only whether that which he was investigating were a deposit of iron or the 
gossan of a pyrite deposit. To differentiate between these two possibilities 
there is but one piece of evidence to which no objection can be taken, 
namely the nature of the decomposition of the country-rock in the neigh¬ 
bourhood of the deposit. If the deposit in question were originally of 
pyrite then, by the sulphuric acid resulting from the oxidation of such 
pyrite, the country-rock would have been robbed of all its original con¬ 
stituents save the quartz. To-day in this secondary iron ore, extremely 
typical skeleton crystals of quartz arc found. 

The depth of this gossan, which doubtless one day will bo valuable 
because of the iron in it, is on an average about 20 m., though in places 
it is more than 40 m. The cementation zone beneath contains chiefly 
bornite and chalcopyrite, relative to which there is evidence that in the 
process of cementation, from the (uipriforous pyrite chalcopyrite was first 
formed which ^en became raised to bornite, the next higher copper 
sulphide. The sequence of these depth-zones is illustrated in Fig. 12. 

The depth of the enriched zone varies in different mines but it may 
reach as much as 50 m. or more. From it the ore, containing occasionally 
10-15 per cent of copper, is derived. This rich ore, which has sometimes 
been produced in considerable quantities by individual mines, is in 
some cases prudently kept ui reserve in order by calculated addition 
to bring the copper content of poorer primary ore up to the minimum 
demanded for export, this minimum being generally 2'5 per cent. 

As will be mentioned more particularly when discussing the composition 
of this pyrite, silver is generally present in amount up to 40 grm. per ton. 
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while traces of gold are often found. These precious metals in the process 
of secondary redistribution of the metal content have become concentrated 
by themselves in a layer but a few centimetres thick at the contact between 
the oxidation and cementation zones. 

Occasionally striking effects of decomposition are seen, such for 
instance as the occurrence of small pieces of cementation ore well within 
the primary zone. In such cases it may generally be demonstrated that 
the level of the ground-water has sunk on both sides of a fissure, whereby 
the processes of secondary redistribution to which the upper zones owe 
their existence were carried into the primary zone. Under such circum¬ 
stances cementation ores rather than those of oxidation become formed, 
since the mineral solutions circulating in such 
a fissure become reduced by the pyrite on 
either side and, following the usual replacement 
processes, the pyrite becomes first converted 
to chalcopyrite and afterwards to bornite. 

In their bearing upon the future of 
this district the primary depth - zones 
which the deposits exhibit are of special 
importance. Experience in the last decades 
has shown that the average copper content 
gradually ditninishes in depth even in 
those mines which have long since been 
operating in the primary zone. While the 
difference between the copper content of the 
cementation ore and that of the adjacent 
upper portion of the primary zone is con¬ 
siderable and may in individual cases be 
. represented by such a proportion as 10; 3, the decrease with greater 
depth within the primary zone is quite gradual, requiring a hundred 
metres or even some hundred metres to bring about a decrease, from 3 to 
2 or from that again to 1-5 per cent. 

The ComposiHon of Ihe Rio Tinto Pyrite .—From the analyses given in 
the following table it may be seen that the Rio Tinto pyrite, of which the 
essential constituents are iron, sulphur, and copper, contains other substances 
and among them, silver and arsenic. The silver content being as before 
mentioned generally below 40 grm. per ton, may be left out of consideration 
at present; that of the ar.senic however is worthy of further remark. 
Although the amount of this element is but small it is embarrassing both 
in the manufacture of sulphuric acid, to which this pyrite is applied, as well 
as in the application of the residues to the production of iron. In conse¬ 
quence of this small amount of arsenic the pyrite from the Rio Tinto district 
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Fia. ‘218.—Vertical section of 
the Domingo deposit in the Hio 
Tinto district showing the de¬ 
crease of the copjier content in 
depth. Vogt, ^eit. f. prakt. 
Qeol., 1899, p. 249. 
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is worth somewhat less than that from Norway, a fact which is expressed 
by a difference of one or two shillings per ton in favour of the latter. In 
tills matter of arsenic the ore from one small mine, the El Tinto, contains 
1-5—2 per cent, which is much above the average, while on the other hand 
that from the Aguaa Tenidas, now stopped, exceptionally contained no 
arsenic though at the same time but Uttle copper. 


Analyses op Hio Tinto Ore 




Rio Tinto. 



Th<arsjs. 


San Pominso. 


_ 


■J 

4 

0 

0 


8 

s 

4900 

48-SO 

48-(X) 

_ 

47-76 

49-00 

47-43 

44-60 

49-30 

Fo 

49-,5,5 

40-92 

40-74 

43-99 

42-88 

41-30 

38-70 

41-41 

Cu . 

3-20 

4-21 

3-42 

3-69 

2-20 

3-73 

3-80 

5 81 

Pb . . 

0-93 

1-52 

0-82 

010 

0-52 

0-58 

0-58 

0-66 

Zn 

0-35 

0-22 

Trace 

0-24 

0-10 

Trace 

0-30 

Trace 

Aa 

0-47 

0-33 

0-21 

0-83 

0-28 

0-33 

0-26 

031 

Sb . . 



Trace 

... 

Trace 

0-14 


Trace 

Bi . . 




0-37 


Trace 



Co 

... 



0-05 


OOi) 



Ni . . 

... 





Trace 



SiO, . . 

1-70 

3-46 

5 07 

1-99 

2-94 

3 68 

li-io 

200 

CftO . 

014 

0-90 

0-21 

0-23 

0-18 

0-67 

014 

014 

MgO . . 



0-08 

0-07 

'I’race 

0-10 

Trace 

Trace 

0 in Fo.Oj 



0-09 


0-15 


0-23 

0-25 

SO, . . 






1-40 



H,0 ^_ 

0-70 


0-91 

0-48 

6-95 

013 

0-i7 

0-05 

Total 

100 04 

100-00 

100-15 

99-80 

99-40 

99-55 

99-88 

99 93 


The average copper content of the whole output is not so high as the 
figures of the above analyses would indicate. That of the Rio Tinto mine 
in the ’nineties for instance was about 2-9 per cent, while that of the more 
important of the other mines ranged from 2-5 to 2-75 per cent. Since 
then the average has sunk somewhat so that in recent years it may be put 
down at the highest as 2-5 per cent for the whole district.' 

In the following table the appro.ximate average content at different 
depths and in different mines is given. In each case the high content 
near the surface is doubtless due to secondary enrichment: 
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Dionisio, Rio Tiiito 

San Domingo . 

Cabezas del l^asto . 
Caridad near Aznalcollar 


Deptli. 

Per Cent 

Cu. 

1 - m. 


; (40-120 

4 

I 200 

2 

i 1 .150 

1-5 

j (20-40 

4-5 

1 loo-80 

2 

1 1 100 

1-5 

1 140 

1 

( 40 

3-5 

• ()() 

8 

1 SO 

2 

/ 40 

4-5 

1 110 

Ovl 


The pyrite of the upper levels often carries some copper and iron 
sulphates as recent secondary products, and some selenite, etc. The 
rocks in the immediate vicinity of the ore-bodies, when not completely 
decomposed, are,in consequence of their saturation with acid water, strongly 
corroded and in a condition w'hich makes a jiroper conceptioir of their 
original character most dillicult. The streams flowing from the district 
are coloured red or brownish-red because of the, iron oxide they contain, 
hence the names Rio Tinto and Aguas Tenidas, the former meaning coloured 
river and the latter stained W'ater. In the marshes at the river mouths 
more than 50 km. away from the deposits, considerable accumulations of 
iron oxide arc found, this oxide arising from the secondary sulphates 
mentioned above. 

Some authorities, especially Klockmann but including also Ferd.Riimcr, 
Wetzig, Stelzner, and Bergeat, considered these Rio Tinto deposits to be 
sediments. The conformability between the slates and the pyrite beds, the 
occurrence of parallel layers in the ore-bodies, and the banding of the pyrite, 
were facts quoted in support of this view. As mentioned before however 
the evidences in favour of a sedimentary origin are inconclusive. Even the 
supporters of this view, Klockmann and later Wetzig, remarked the close 
connection of the pyrite with the occurrences of porpiiyry and porphyritc, 
a connection which they explained in that the outpourings of porphyry 
brought the constituents of the pyrite with them, iron, copper, etc., on 
the one side and sulphur on the other, precipitation resulting. 

Against this Gonzalo y Tarin, supported especially by do Lauuay, 
Vogt, and latterly by Schmidt and Preiswerk, advocated an epigenetic 
origin. The very irregular shape, well illustrated by the North Lode of 
Rio Tinto, is difficult to harmonize with a sedimentary formation. In 
greater part the deposits occur at different horizons of the Culm-measures. 
Were they then formed by sedimentation, the circumstances of their forma¬ 
tion must have been repeated at intervals and at different places. Not 
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only is it the case that the slates are impregnated with primary pyrito 
but occasionally also the porphyry. Moreover conformity between pyrite 
deposit and slate is not invariably the case. For instance the pyrito of 
San Miguel, according to Beyschlag and Krusch, and that of Aznarcollar, 
according to Schmidt and I’reiswerk, cut across the slate in places and 
it was particularly remarked that at both localities this was actually the 
case, and not an appearance due to false schistosity. Other similar trans¬ 
gressions of the pyrite across the slate have also been described. With 
this fact established an epigenetic origin to these deposits must be 
concluded. 

The absence of druses may, as with the Norwegian deposits, be because 
the pyritic material was not deposited gradually, like for instance the 
material of the lead-silver lodes, but all at once, to crystallize later. 
The folding of the slates, the intrusion of the porphyry, and the formation 
of the pyrite, were probably, as suggested by de Launay, all connected 
and consernitive phases of one inclusive occurrence. The arguments for 
consolidation from magmatic solutions and for the source of those solutions 
from rock magmas, quoted in connection with the corresponding deposits 
in Norway, may in their essence be applied to these of Rio Tinto. 

Mining in this district began originally as far back as the time of the 
Phoenicians, that is about the eleventh century B.c. or perhaps still earlier, 
from which date it continued almost without break to the eighth century 
A.D. in which period is included a time of great activity during the Roman 
occupation. At that time the small secondary veins of rich copper ore 
within the pyrite mass were more particularly worked, and the larger 
bodies became riddled, as with mole holes, to a depth of some 125 m. 
During the Moorish occupation the mines were idle. In the sixteenth 
century some of the mines were started again though to the middle of the 
last century operations continued on but a small scale. Thus the annual 
production between the years 1783 and 1849 was generally 80-150 tons 
of metallic copper, though occasionally it was more than 200 tons. Only 
in the ’fifties %nd ’sixties did the present large-scale production begin ; 
San Domingo for instance in 1850, Tharsis in 1866, and the present 
Rio Tinto Company in the beginning of the ’seventies. The production 
since then may be gathered from the figures on pp. 303, 326, and 327. 
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1 

Total Oiitimt of Tyrlte, Rio Tinto Company. j 

i 

Ore treated’ at the Mine. 

Copper 

recovered. 


Shipped. 

Ftir treat¬ 
ment at the 
Mine. 

Total. 

Average 

Copper 

content. 

Long 'J'ons 
ol Pyrite. 

Average 

Copper 

content. 

Long Tuns. 

1888 

434,316 

969,317 

1,403,033 

2949 

393,149 

2208 

18,522 

1890 

396,349 

866,405 

1,261,754 

2883 

397,875 

5J595 

19,183 

j 1892 

406,912 

995,161 

1,402,003 

2819 

436,758 

U465 

20,017 

1894 

498,640 

888,655 

1,387,096 

3027 

486,441 

( 2694 

1 988 

20,000 

1896 

691,752 

846,580 

1,437,332 

2931 

649,586 

) 2529 

11008 

20,817 

1898 

044,518 

820,802 

1,466,380 

2852 

618,110 

1 2000 

11023 

20,420 

1900 

704,803 

1,189,701 

1,894,604 

2744 

005,967 

12553 

11187 

21,120 

; 1901 

633,949 

1,294,827 

1,928,776 

2627 

641,935 

12680 

11026 

21,100 

1 

! 1902 

027,967 

1,237,322 

1,80,5,289 . 

2517 

.595,092 

12342 
, 11495 

21,659 

i 1903 

688,919 

1,229,619 

1,918,538 , 

2390 

007,748 

1 2320 
11241 

21,565 

1 1904 

672,344 

1,270,475 

1,948,819 

2340 

003,744 

12105 

1 978 

21,218 

1905 

027,330 

1,202,708 

1,830,104 

2303 

000,724 

/2182 

1 1124 

19,.530 

1906 

655,328 

1,208,388 

1,92.3,716 

2411 

032,307 

( 2302 

\um 

; 21,287 

1 

1907 

041,858 

i 1,265,090 

1,900,948 

2417 

607,944 

. (2112 
i 1048 

21,251 

1 

1908 

604,275 

1,115,610 

! 

1,719,880 

i 

2205 

589,815 

- 12037 

1 952 

24,256 

1 


According to Gonzalo y Tarin the amount of ore won from these 
deposits previously was altogether about 30 million tons containing 1-2 
million tons of copper, figures which the Mining Journal, Loudon, Feb. 
1894, and August 1895, put at 20 million tons and 0-8 million tons 
respectively, the authority in the issue of the latter date being W. G. 
Bowie, who also estimated that up to the end of 1894 modern mining had 
produced about 58 million tons of ore. To these figures some 40 million 
tons may be added as the production from that date till the end of 1908, 
up to which date it would therefore appear that about 125 million tons of 
ore had been mined. The output of ore and the production of copper from 
Kio Tinto in later years are given in the above table which is taken 
from The Mineral Industry, 1908. 

The total pyrite production of Spain and Portugal in recent years 
has been as follows: 
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Spain. 

Portugal. j 


Metric tons. 

Metric tons. 

1900 

2,760,000 

402,870 

1901 

2,700,000 

443,597 

1902 

2,760,000 

413,714 

1903 ■ 

2,947,600 

376,177 

1904 

2,786,000 

403,731 

1905 

2,805,123 

352,479 

1900 

2,888,778 

360,746 

1907 

3,182,645 

351,000 


According to the yearly statistics of Merton & Co. the following 
amounts of copper were produced from the pyrite of the Rio Tinto 
district during the years given : 



1880. 

1890. 

181)5. 

IDOU. 

lf)05. 

1909. 

Rio Tinto. 

16,215 

30,000 

33,500 

3.5,732 

32,280 

36,370 


9,161 

10,300 

12,500 

7,905 

4,345 

4,365 

San BoiniiiKo .... 

0,603 

5,600 

4,100 

3,460 

2,720 

2,365 


1,705 

810 

1,050 

1,460 

1,280 

1,820 

Other mines .... 

2,039 

4,990 

4,300 

4,255 

4,186 

8,276 

Totals (Long Tons) . 

36,313 

51,700 

54,950 

52,872 

_ 

44,810 

52,186 


From these figures it will be seen that the production rose steadily 
to about the year 1895 since when, in spite of the larger quantity of ore 
mined, it has fallen somewhat, consequent upon the decrease in copper 
content in depth. The largest of these deposits are worked in opencut 
to a depth of 100-120 m., below which depth ordinary mining supervenes. 

Pyrite Deposits oe’ Sain Bel and Ches.sy' in France 

LITERATURK 

L. DE Lauhay. ‘ Die Schwefclkie,slagerstatto voii Sain Bel (Rhone),’ Zoit. f. prakt. 
fleol., 1901. 

The only deposits worked for pyrite in France are at Sain Bel in the 
Rhone department about 20 km. north-west of Lyon. These deposits 
occur in a practically continuous zone which strikes north-south and which, 
by scattered outcrops, appears to be connected with the classic though 
exhausted occurrence at Chessy some 10 km. farther to the north. 

From the accompanying sketch taken from the geological map 
published by Michel Levy and used by de Launay, it appears that the 
deposit at Chessy is associated with pre-Cambrian felspathic schists, while 
at Sain Bel the deposits are connected with chlorite- and hornblende- 
schists of uncertain age and origin. 
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At Ohessy the schists are impregnated with pyrite containing as much 
as 6-12 per cent of copper, with some quartz and barite. Mining began 
in this district as far back as the Roman time. In the year 1809 the 
mine was already 215 m. deep and showed then a considerable diminu¬ 
tion of the copper content. Presumably the zone of secondary enrichment 
had by that time become exhausted. The pyrite in these pre-Cambrian 
schists consisted in part of a bronze-coloured mixture with 6 per cent of 
copper, and in part of chalcopyrite with 15—20 per cent. Quite by accident 
some driving was done in the sandstone and shale of the Keuper formation 
lying to the east. In these, when in the neighbourhood of the pre-Cambrian 
schists, veins of melaconite, malachite, and azurite, were found, the output 
from which for a time caused a considerable increase in production. In 
addition to the pyrite bodies and the copper veins an impregnation zone 
of azurite nodules in the Keuper sandstone was followed for 150 m. along 
the strike and 30 m. in dip with a width of 5 m. Prom this zone the nodules 
of eopper carbonate so often seen in collections were derived. 

The pyrite occurrence at Sain Bel carries both lode-like and lenticular 
masses. The present production comes from a lens worked at St. Cobain, 
the so-called Grand Filon of Bibost, and from another lens at St. Antoine. 
The lode at Bibo.st, which is in fact a lens, has a length of 600 ni. and a width 
of 14-20 m. so that 1 m. of height gives 60,000 tons of ore. This contains 
50-52 per cent of sulphur. The horizontal section is approximately 
double that of RainmcLsberg. To a depth of 166 m. no diminution 
of thickness has been experienced, and the total (j^uantity of ore in the 
deposit has been estimated at 13 million tons. This pyrite mass, excluding 
the occurrence at Pahlun which is now almost exhausted, is the largest of 
all occurrences in Europe other than those in the Iberian Peninsula. 
It consists of compact pyrite similar to that of Rio Tinto but with less 
admixture of impurities, so that the ore sold may be guaranteed to contain 
60 per cent of sulphur. The demarcation between the compact unstriped 
pyrite and the chlorite schists is definite and sharp although on both sides 
these schists are to some extent impregnated with pyrite. It is important 
to observe that apart from some dykes of quartz-porphyry seen at some 
distance striking at right angles to the pyrite zone, no eruptive rock occurs 
in the district. The origin of the hornblende-schist is as mentioned before 
uncertain. These occurrences are undoubtedly epigenetic and in many 
respects present resemblances to those at Rio Tinto. The composition 
of the pyrite may be seen from the following analyses, I., of the lens of St. 
Gobain, and II., that of the Grand Filon. 
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I. 

II. 

Sulphur . 


63 09 per cent 

52*49 per cent 

Iron . 


46-40 

46-43 „ 

Ganguo 


0*37 

Traces 

0-»0 

Arsenic 


1 Traces 


The pyrite is practically without copper and contains but httle quartz. 
The Societe de Saint-Gobain during the period 1872—1908 produced alto¬ 
gether from Sain Bel about 7'6 million tons of pjrrite, the yearly variations 
of output being indicated in the statement on p. 303. The other occur¬ 
rences in France produce an additional 2000 tons per year. 


The Pyrite Occurrence at Agordo 
LITERATURE 

Haidinoer. ‘ Analyse dcs mineraia de ouivre d’Agordo,’ Bull. Soc. Oool. do la Franco, 
2®, Vol. IV., 1846, p. 164.— Haton i>g la OouriLLfeRE. ‘ Memoiro sur Agordo,’ Ann. des 
mines, 5o, Vol. VIII., 1855.—B. von Cotta. Agordo. Berg- u. Huttenni. Ztg., 1862, pp. 
425-427.—B. Walter. ‘ Beitrag zur Kcnntni.s der Erzlagerstatte von Agordo,’ Oeaterr. 
Zeit. f. Borg- u. Huttcnw., 1863, pp. 114-119.—A. St. Schmidt. ‘ Geognostisch-bergman- 
nische Skizze liber den Kieaatock von Agordo,’ Berg- u. Hutton. Ztg., 1867, p. 240.— 
Pellati. ‘Uelaz. Ind. Miner. Stattist.,’ Regno Italia, Firenze, 1868.— Mazzuoi.i. ‘Traito- 
ment des minerals par voio hiimide a Agordo,’ Ann. des mines, 7«, Vol. IX., 1879, p. 100. 
—B’Achiardi. I Mineral!, etc., Vol. I., 1883, p. 331. 

This deposit lies in theimporina valley of the Venetian Alps about 15km. 
from the frontier with the Tyrol. It owes the frequency of its mention to 
the interest awakened by the article by von Cotta cited above. The deposit 
occurs in pre-Carboniferous micaceous clay-slates which are separated 
from the Triassic beds and the overlying Lias of the Alps by a well-marked 
dislocation termed the Agordo-Cormelico fault. The Triassic beds there¬ 
fore have no bearing upon the deposit which is exclusively connected 
with the micaceous clay-slates associated with the Permian quartz-por¬ 
phyries. These slates in the neighbourhood of the pyrite bodies are light- 
coloured and to a distance of about 30 m. much silicified. Farther away 
however they pass to dark graphitic schists with bright divisional surfaces. 
In these dark schists inclusions of pyrite are found. 

The deposit generally speaking has the shape of a long extended 
and flattened lens which strikes south-west and north-east and of which the 
axis dips at an angle of 20° to the north. It comes to surface in the bed 
of the Imperina River where its outcrop can be traced for a length of about 
460 m., with a width which varies from 4 to 30 ra. Mining operations 
underground have proved a length of 560 m., a width which reaches as 
much as 39 m., and a present depth of 200 m. 
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The mass of the deposit consists of pyrite with a little quartz and 
with definitely banded chalcopyrite. In places where the quartz is particu¬ 
larly plentiful other minerals occur, such for instance as galena, sphalerite, 
lollingite, argentiferous tetrahediite, linnaeite, arsenopyrite, ullrnannite, 
etc. Calcite is seldom seen. Goslarite occurs as a decomposition product. 



^■i imnn Bifflii e3ssj gct 

Pj/ntr Mutton Lhjhf $lutf Diokhlunk- ScIfuUc /.nin-itoin- 

/JM-V »/<»/<• 


Fin. 220.—The iiyrito deposit of Agordo. B. voii Cotta, /S-u. H-ZAg., 1862, p. 426. 


The ore is compact though the bodies show a banding which is generally 
parallel to the walls. Three classes of ore are distinguished, rich pyrite 
with 4-30 per cent of copper ; medium ore with 2-4 per cent; and poor 
ore with 0-5-2 per cent. Reckoned over the entire output the average 
copper content will probably be about 1-7 per cent. 



Fiq. 2-21.—Geological po.sition of the pyrite Flo. 222.—Section of the pyrite deposit of 

deposit ol Agordo ; dlagraniinatic. Biholiin. Agordo ; diagrammatic. Pcllati. 


The genesis of this deposit has not yet been satisfactorily established. 
It is pre-Triassic and presumably Permian. In all probabihty it is the 
product of magmatic differentiation within an acid magma. The above- 
mentioned Agordo-Cormelico fault influenced deposition to this extent that 
it probably brought the pyrite, already formed and concentrated in depth, 
into the vicinity of the contact between the porphyry and the clay-slate. 

The output from Agordo for a long time amounted to some 200 tons of 
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copper per year, though from this figure it has since receded. The total 
quantity of ore witliin the probabilities of the defjosit has been reckoned 
at 1-75 million cubic metres from which however it is probable that the 
best ore has been already extracted. To-day the deposit is regarded as 
unpayable. L. de Launay about the year 1890 esitimated the ore reserves 
then at 176,000 cubic metres.' The mine belongs to the district of Vicenza, 
which district in the year 1908 ^ produced altogether 28,860 tons of pyrite, 
of which 27,000 tons were stated to be cupriferous. The total value of this 
production amounted to about £21,000 or eqtiivalent to 14s. Od. per ton. 


The Pyrite Occurrence of Ghinivert 
LITERATURE 

V. Novauksk. ‘La Mnin'ra del Beth e Cihiuivcrt,’ Kaas. Miner., Vol. VII., March 
1900. 'J’urm, 1900. 

Within the mass of the mountain known as the Punta del Ghinivert, 
situated within the municipalities Pragelato and Massello, cupriferous 


PuniadeLGhinJytrt 



C', Calcareous !>clu9t; Cu, ciiprilVrons pyrite ; p, '‘uphotKle or nabliro. 


pyrite deposits occur which in their geological relation’exhibit great 
similarity to those of Agordo. 

The above-mentioned mountain consists of calcareous schists in which, 
analogous to the Norwegian occurrence, lenticular masses of euphotide 
or gabbro-iock occur. It is in the immediate neighbourhood of this rook 
that the deposits of pyrite are found. These for the present however are 
without economic importance. 

^ Trade, des gites mineraux el metalUfires. 

* Riviata del aervizio minerario, Rome, 1909. 
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The Pyrite Deposits of Schmollnitz 
LITERATURE 

Freiherr von Andoran. ‘ Dio Krzlagerstatten dcs Zipser uiid G<3moror Koinitats,’ 
Han<lb. d. k. k. gcol. Reichsanstalt, 1850.—A. Hauch. * Schinollnitzer Huttenprozesse,’ 
Oostorr. Zeit. f. Borg- u. JIutteuw., 1800, pp. 200-271.—B. von Cotta. Di« Lehre von doi» 
Ei'zlagcrstatten, 1800, Pt. 11.—B. von Cotta utid L. von Fkllknberg. Dio Erzlagor- 
stfitton UngarnsuTid Sicbonbiirgens, 1802.—G. Faelrk. ‘ Der Kupforbergliaii in Siihnioll- 
nitz,’ Borg- u. Huttonm. Jahrb. d. k. k. bstcrr. Borgakad., 1868, pp. 193-107.— von Hauer 
Rrlanterungen zu Blatt 111. der goologi«ohon Cbersichtskarte dor k. k. o.storr.-ung. Mon- 
archie.—*1. Steinuad.sz. ‘ Dor Kupfcr- und Schwefelkiesbergbau von Schmollnitz,’ Borg- 
u. Hiittomn. Jahrb. d. k. k. osterr. Borgakad., 1896, pp. 207-.320.— Fahndrich. ‘Dor 
Schwefoikiesbcrgbau bei Schmollnitz,’ Zeit. f. d. B-, 11- ii. S.-Wesen im preuss. Staat, 
1898, pp. 217-234. —F. Sciiafauzik. ‘ Daten znr gcnaucn Konntnis dca SzopoH-Gomorcr 
Krzgobirgos,’ Ungar. Math. u. Naturw. Ber. V'^ol. XXIII., Pt. 3, Leipzig, 1905.—II. BiicKH. 

‘ Beitrage zur Gliederung do.s Szepes-Gomorcr Erzgebirge.s,’ Jahresbor. d. k. ung. gcol. 
Rcichsan.stalt fur 1905, pp. 46-53, etc. 

The counties of Zips and Goinor in Hungary are famous for their 
many lode-like deposits of siderite and bedded deposits of pyrite which 
occur in close connection with basic; eruptive rocks. The particular hills 
in which they are found arc known as the Zips-Gomhrer Erzgebirge. 
Schmiillnitz lies in a deep tributary valley which coming from the north 
enters the main Gollnitz valley. 

The, main features of the geological stiaicture of the country are accord¬ 
ing to Boe.kli as follows : The Zips-Gomorer Erzgebirge consist in greater 
part of graphitic schists and quartzltic sandstones belonging to the Culm 
which have been foliated and folded by dykes of quartz and quartz- 
porphyry. In the vicinity of the deposits the rocks are silieified and 
given a dioritic facies. It is only in places that rocks representing the 
Carboniferous Limestone occur. The upper Carboniferous beds above 
consist of quartzitic schists, conglomerates, and lilac-coloured clay-slates 
with small impure coal scams. These beds are covered by Permian 
quartzites which have a wide extent in the iron districts, A still younger 
covering consisting of Werfen beds, Triassic limestones, and Lias, is 
found in placfs. The Pala 30 zoic beds have been folded into east-w'est 
synclines and anticlines in such a manner that at Schmolhntz the 
anticlines are of Carboniferous beds while the synclines consist [of Permian 
quartzite. 

The ore-deposits themselves arc found chiefly in a grayish-green 
zone of talcosc, chloritic, sericitic, or quartzitic schists, which zone, rich in 
quartz, strikes east-north-cast and dips 60—80 to the south. Hetw'een 
the two hills Rotenberg and Spitzenberg a complex of light-coloured 
sericitic and (piartzitic schists over 400 m. in width occurs wdthin a mass 
of dark graphitic schists. Within this light complex are interbedded : 




1. Impregnated zones 
resembling fahlbands. 

2. Lenticular pyrite 
bodies. 

Of the former three 
are known, namely the 
hanging - wall, the 
middle, and the foot- 
wall zones, between 
which, large clean ore- 
bodies occur parallel to 
the formation. These 
zones can be followed 
for as much as 4 km. in 
length, to a depth of over 
400 m., and each with a 
width of almost 20 m. 
The individual pyrite 
bodies are naturally of 
less extent. 'J’hat termed 
the foot-wall body how¬ 
ever is known to extend 
for more than 600 m. 
along the strike, for 
more than 140 m. along 
the dip, and to possess 
a thickness up to 40 m.; 
the Engelberti body has 
dimensions of 300 m., 
80 m., and 30 m. re¬ 
spectively ; and the 
hanging-»'all body 260 
m., 80 m., and 16 m. 
respectively. In depth 
however it may be said 
that these deposits in 
general do not maintain 
their importance. 

The separation be¬ 
tween the pyrite and the 
country-rock is not al¬ 
ways sharp. The ores 
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are sometimes banded, in places massive, and where they approach 
their walls they are contaminated by schistose material. The principal 
ore is pyrite; chalcopyrite occurs chiefly in pockets, bornite more often 
in thin layers, while sphalerite and galena seldom occur. The sulphur 
content is moderate. 

Although large faults are in general uncommon they nevertheless occur, 
and it would appear that in the neighbourhood of such dislocations the 
copper content is higher. This may likely be due to a secondary redis¬ 
tribution of the original content, since with the copper other younger 
sulphides, such for instance as sphalerite and galena, appear. In the 
central portions of the deposits the average copper content is 0-5 per 
cent, an amoimt which increases towards the margins until at the actual 
periphery it is about 2 per cent. 

The genesis of these pyrite deposits has been dealt with by both Stein- 
hausz and Fahndrich. The former considers them of epigenetic nature 
on account of the local association with diorite. Fahndrich on the other 
hand, on account of their conformability to the surrounding rocks and 
of the banding of the ore, regards them as sedimentary ore-beds. This 
was the view generally held formerly. Recent investigation in which 
Bockh took a prominent part, has shown without doubt that those deposits 
to which attention has latterly been paid are in close relation to the 
occurrences of basic eruptive rock. This association has indeed become 
so established that in searching for such ore-deposits the first step taken 
is to locate the presence of basic eruptive rocks. It is of interest to note 
that petrographically these rocks resemble the saussurite-gabbro associated 
with the Norwegian pyrite masses. 

The composition of the pyrite from Schmollnitz, where mining began 
as far back as the thirteenth century, may be seen from the following 
analyses, while some idea of the yearly production since 1884 may be 
gathered from the table on p. 303. 

Analyses oe Pyrite from Schmollnitz according to Steiniiausz 




s . 

.47-8!) 

Bi .... 

. 003 

Fe . 

.45-31 

Ni and Co . 

Tr 

Cu . 

.0-48 

Mn . . . 

Tr 

Zn . 

.0-37 

CaO . . . . 

. 0-03 

Pb . 

.0-33 

MgO .... 

. 006 

As . 

. 0-65 

Undetermined . 

4-89 

Sb . 

.0 06 

Total . 

99 07 
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The Pyeite Deposits of Graslitz-Klingental, etc., in the Saxon- 
Bohemian Erzgebirge 

UTERATURE 

B. VON Cotta. Borg- mid Huttonm. Ztg., 1801).—«C. CJaueut. ‘ Uber Gmslitz,’ 
Jahrb. d. k. k. geol. Roiohsanstalt, 181)9 : ‘ Uber KUngontal und Graslitz,’ Zoit. f. prakt. 
Geol, 11)01.—11. Beok. ‘ Kioslagerstattoii ini saohaiscbon Erzgebirge,’ ibid., 1905.—B. 
Baumoartel. ‘ Uber Klingental,’ ibid., 1905.—O. Stutzkr. ‘ Alte mid neuo goologischc 
BeobachtungCMi an don Kieslagoratattcii Sulitjclma-Ruros-Klingontal,’ Onterr. Zoit. f. d. 
Berg- u. Huttenw., 1900; Zcit. f. prakt. Geol., 1909, p. 189. 

These deposits lie near the frontier between Saxony and Bohemia, 
Graslitz being in Bohemia and Klingental in Saxony. In addition to the 
curious occurrence in a crosscut of a door sealed by the customs authorities 
marking the boundary between the two countries, the deposits are 
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Fig. 225. — Section of Ihe Grashtz-Klingentlial pyiite beds. 
Gilbert, Znt. f. p.oU. (/ml., 1901, p. Ml. 


also worthy of remark in that the copper content allows only such a bare 
profit to be made that the mine management is constantly confronted 
with the struggle for existence. 

The occurrences lie to the north of Graslitz on the two hills Eibenberg 
and Griinberg in an eastward projecting tOTiguc of tlui phyllite formation 
which there forms a thin patch upon the granite. The beds usually lie with 
a north-south strike and a dip of 20-30° to the west, so tha^'when going in 
this direction, successively higher horizons of the phyllite are encountered. 
This formation on the two hills mentioned consists of a lower portion of 
quartzose and felspathic phyllites, and an upper portion of a more slaty 
character. In these beds the ore-deposits occur as conformably inter- 
bedded layers 0-5-3 m. in thickness. 

The ore-bodies consist of a quartz-slate rock impregnated with ore. 
In the quartz the ore is found as irregular pockets, stringers, and impreg¬ 
nations, while in the slate it occurs chiefly on the bedding-planes but also 
irregularly distributed in veins and impregnations. In width such bodies 
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are usually small though in places this dimension may be more considerable. 
They occur one overlying the other and separated by barren widths of 
25 to 260 m., ten of such ore-bodies having been exposed by mining opera¬ 
tions. The extension along the strike is considerable, the ancients in the 
adit known as Michaelstollen having followed the occurrence for a total 
length of 3000 m. The ore consists chiefly of the sulphides, pyrrhotite, 
pyrite, chalcopyrite, and arsenopyrite, though to a less extent the richer 
. copper and other sulphides are found. 

Several theories of genesis have been advanced for these deposits. 
Gabert, Beck, and Baumgiirtel, laid emphasis on the association of the 
ore with movement-planes or disturbed zones. Gabert considers that the 
impregnation with pyrite obviously took place in a slate zone which, 
similar to the occurrence described on p. 310, had been dynamically 
altered. According to von Cotta, Gabert, and Beck, these pyrite deposits 
in spite of their conformity are epigenetic in nature; while Stutzer, 
going farther than this, considers they are magmatic intrusions like the 
corresponding occurrences in Norway. 

Among the ores, pyrrhotite and chalcopyrite are of particular im¬ 
portance. According to unpublished work by Krusoh, the pyrrhotite 
occurrence must be discriminated from that of the other minerals. The 
massive bodies of that mineral he regards as older and presumably 
intrusive members of the rock-complex; while the chalcopyrite, occur¬ 
ring in veins and pockets having no relation to the bedding of the 
complex, is of distinct vein-character. 

On an average the ore contains 9-10 per cent of sulphur and about 
1—T3 per cent of copper. To suit the fine distribution of these contents 
an acid process devised by Schlenzig was applied, with the result that 
a concentrate with 22 per cent of sulphur was obtained. In the year 
1907 the monthly output of ore was 1000-2000 tons, but normally a 
yearly output of 36,000 tons of ore may be reckoned. 


• The Intrusive Fahlbands 
LI'I'EEATURE 

E. Weinschenk. ‘ JDie Kieslagcrstattcu im Silberberg bei Bodenmais,’ Abh. d. kgl. 
bayr. Akad. d. W. II. Kl. Vol. XXI., Ft. 2, 1901; ‘ Ber Silberberg bei Bodenmais,’ Zoit. 
f. prakt. Geol., 1900.—K. Gruber. Abh. d. bayr. Akad. d. W. II. Kl. Vol. XXI., Pt. 2, 
1901.—W. VON GdMBEL. Geognostisehe Beschreibung dos ostbayrischen Grenzegebirges, 
1868, und' Geologic von Bayern, 1864.—.1. Lehmann. Untcrsuchungen liber die Entste* 
hung der altkristallinischcn Schieforgeateine, pp. 175-178. Bonn, 1884 .—Thikl. Beitrag 
ziir Kenntnis dor nutzbaren Mineralieii dea Bayriachen Waldos. Bias., Erlangen, 1891. 

These deposits, among which that of Bodenmais in the Bavarian 
forest may be regarded as typical, may appropriately be treated here. 

VOL. I z 
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At Silberberg near Bodenmais, at the foot and on the south side 
of the Arber mountain, 1458 m. high, fahlbands, well-known on account 
of the variety of minerals they contain, are found in cordierite- or 
cordierite-garnet-gneiss overlying a large granite area. According to 
Weinschenk whose careful presentation is herein greater part followed, 
tins is not typical gneiss but a contact metamorphic rock which owes 



Fifj. 226.—Tlie Erxlcuniais pyi ite tleposit. Giuiibel. 

/, Mftin oie-b'Ht; 11, root-wall IcaibT, If I, liAnj^inR-wall ; 1-12, slopes, oixMifuts, or ataii<linp ore ; 
a-1, tuiiiifl l)UildiiiKs, 8liatt>, t'tr. 


its present appearance to the intrusion of the granite and to the 
infiltration of the granitic magma. 

This peculiar rock in certain beds is sprinkled with pyrite which 
mineral in places becomes so concentrated that payable ore-bodies result. 
Generally speaking these are lenses with irregular outline, occurring con¬ 
formably at different horizons in the gneissic rock but never far from 
the granite beneath. It is further remarked that the ore occurs where 
two varieties of this rock come into contact, for instance where hard rock 
resembUng hornstone on one side conies into contact with micaceous 
rock often triturated and broken on the other. In Norway, as men¬ 
tioned on p. 309, the pyrite occurrences are often found under similar 
circumstances. 
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The most important ore minerals are pyrrhotite, pyrite, chalcopyrite, 
sphalerite, and galena. Cassiterite only occurs in places, but then in 
fairly large amount. Magnetite also is found, while the occurrence of 
krcittonitc, the zinc-spinel, is particularly interesting. The pyrrhotite 
is practically without nickel, contains very little cobalt, and but small 
amounts of gold and silver. The galena contains 0-44-0-52 per cent of silver 
which was formerly recovered, hence the name of Silberberg. 

The most important ganguc minerals are quartz, cordierite with 
pinitc, andesino or oligoclase, orthoclase, biotite, hypersthene, brown 
hornblende, andalusite, etc. In addition, zeolites, spcssartite, vivianite, 
selenite, barite, etc., arc found as secondary products. The width of 
ore is generally one or two metres thougli in places it reaches 22 m. 

Because of the general bedded character of these deposits they 
were formerly regarded as the sediments of some ancient sea. Lehmann in 
1884 however argued an epigenetic and intrusive nature, a view afterwards 
supported in detail by Weinschenk who showed that the ore-bodies at 
times cross the bedding and enclose angular fragments of the country- 
rock so as to form breccia. These facts may be considered to prove that 
the ore is younger than its country-rock. 

'The view that they were deposited from aqueous solution or formed 
by pneuinatolytic phenomena cannot, in the complete absence of drusy 
cavities, be maintained. Weinschenk, as evidence of consohdation from 
magmatic solution, laid stress on the fact that a regular sequence in the 
separation of the constituents from such a magma could be recognized. 
The chalc()])yrite, just as with the pyrite deposits of Norway, most pro¬ 
nouncedly occupies the interstices between the other minerals and was 
therefore the last to separate. The gangue minerals, quartz, hypersthene, 
cordierite, etc., when found within the ore, have their crystal angles 
rounded and generally their surfaces corroded. The quartz too has the 
double pyramid either entirely without or with only a short prism, character¬ 
istic of igneous origin and similar to the habit of quartz in quartz-porphyry. 
According to ^Weinschenk the deposits are therefore to bo regarded as 
products at the consolidation of a molten mass forced up from below. 
As stated on p. 278, the mutual solubihty of sulphide and silicate rises 
with the temperature, so that with increasing temperature siheates may 
hold more sulphides in solution and sulphides more silicates. The material 
of the idiomorphic crystals of quartz, hypersthene, etc., which separated 
out of the sulphide solution, was certainly originally dissolved in the 
sulphide magma. 

The rocks adjacent to the ore-bodies are often bordered with a layer 
of sphalerite and impregnated with zinc-spinel. Where the texture of 
these rocks is an open one, all the cracks, for instance those within the 
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febpar, are abo coated with this same spinel, which is certainly of 
secondary formation arising according to Weinschenk from the action 
o| zinc-sulphide upon such aluminous minerals as biotite, sillimanite, 
febpar, etc., just as zinc-spinel is formed in the retorts of zinc-furnaces, 
a formation studied by Stelzner and Schulze.' , 

Mining at Bodenmais is of great antiquity having been mentioned as 
far back as 1364. Latterly the ore has been used exclusively for the pro¬ 
duction of vitriol and jiotee, tliis latter being the elutriated iron-oxide 
used in glass polishing. For this purpose the yearly output has varied 
between 1900 and 2900 tons of pyrite. Similar deposits long exhausted 
were formerly worked at Daxclried and Unterried to the north-west, and at 
Lam to the north of Bodenmais. 

Many deposits hitherto classed with the fahlbands have in greater 
probability been formed by the intrusion of molten sulphide material 
along bedding-planes. Thus Vogt regards the fahlbands of Kongsberg 
as of such formation and these are the most typical example of all fahl¬ 
bands. Of similar formation are many of the deposits of cbalcopyrite 
and pyrite found in the crystalline schists. Some of these are important, 
as for instance the copper deposits of Atvidaberg-Bersbo in south-east 
Sweden, described by A. E. Tbrnebohm,^ which from 1761 to the cessa¬ 
tion of work a few years ago produced a total of about 3.5,000 tons of 
copper. 

At present however it is not possible to separate from one another 
those deposits which have hitherto been regarded as fahlbands. It is there¬ 
fore regarded as preferable to deal later and under this name with all the 
various fahlbands which, though they may be of different genesis or their 
genesis may still be in question, have all at least many morphological 
characters in common. 


C. METAL SEGREGATIONS 
1. Nickel-Iron in Reriootite and SerpentIne 

Awaruite, a variety of nickel-iron consisting of 67-93 per cent Ni, 
0-70 Co, and 31-02 Fe, and corresponding therefore almost exactly to the 
formula Ni.,Fe, was discovered by G. H. F. Ulrich ^ in a primary deposit 
in peridotite and associated serpentine, on the west coast of New Zealand, 
over a wide district between the Cascade River and Awarua Bay. 
Before this, nickel-iron had been known to occur in secondary deposits. 
It had also been found as a primary deposit in serpentine in the Alps, 

' Neues Jahrlmch f. Min.^ 1881, I. * Geol. Foren. Forh. VTT., 188fi. 

3 QuaH. Jour. XLVI., 1890. 
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at the summit of the RifEelhom near Zermatt, by Miss E. Aston and 
T. G. Bonney,^ though proper details of this occurrence are wanting. In 
the river beds of the Josephine and Jackson Counties of Oregon, W. H. 
Melville ^ found, in the form of boulders up to more than 100 lbs. in weight, 
a nickeliferous iron, josenhinite, which chemically approaches very closely 
to awaruite. Its composition corresponds practically to the formula 
Fe^Ni., a little of the nickel being replaced by cobalt, while copper and 
arsenic are also present in small amount. It is accompanied by chromite, 
serpentine, etc., and sometimes is seen in blocks of serpentine, from which 
fact it may be concluded that the primary deposit was undoubtedly an 
olivine rock. A. Sella mentions a nickel-iron with 75-2 per cent of cobalt- 
iferous nickel and 26-6 per cent of iron, or approximately Fe.^Ni, or FeNi,, 
in the auriferous sand of the river Elvo near Biella in Piedmont.* 


2. Nickeliferous Iron in Basalt 

The large blocks of nickeliferous iron up to 25 tons in weight found 
by A. E. Nordenskiold during the years 1870 and 1871 at Uifak on the 
island of Disko, off the west coast of Greenland, created considerable dis¬ 
cussion. These were found upon a large basalt sheet. In addition nickel¬ 
iferous iron has been observed by K. J. V. Steenstrup in the adjacent basalt, 
a felspar basalt, and in basalt at other places in Greenland. This iron, 
long used by the Eskimos for their implements, generally contains 1-6 to 
2-75 per cent of nickel, 0-3 to 0-8 cobalt, and 0-12-0-40 copper. It is 
further almost invariably accompanied by l'2-4 per cent of carbon partly 
in the form of graphite and partly as carbon in combination with the iron. 
The iron found in basalt is often accompanied by cohenite Fe,,C, schreiber- 
site {¥e,Ni,Co),^, pyrrhotite, anorthite, pinel, etc. 

Nordenskiold regarded the above-mentioned blocks as meteorites 
which fell simultaneously with the extrusion of the basalt in Miocene 
time. Later investigation however has shown that they are undoubtedly 
metal reduced^from the oxides of basalt magmas. In explanation of such 
a reduction it may be conceived that the basalt magma in question 
repeatedly broke through or flowed over beds of lignite or other organic 
substance. The inclusion of fragments of such material could have effected 
the reduction of the iron and the still more complete reduction of any 
nickel, cobalt, or copper present, since, as indicated on p. 153, these metals 
are more readily brought to the metallic condition than iron. 

The comprehensive bibliography of these iron deposits of Greenland 
finds mention in most mineralogical and petrographical text-books and 

'■ Quart. Jour. LII., ISUfi, p. 453. - .hn. Jour. Sc., 1892 and 1905 

* Comp. Rend. CLII., Paris, 1891, p. 171. 
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more particularly in the Lehrhmh der Mineralogie by Hintze. Reference 
may also be made to Mineralogia Groenlandicu, by 0. B. Biiggild, Copen¬ 
hagen, 1905, and to a paper by A. Schwantke upon the iron of Uifak, in 
the Silzimgsher. d. Preuss. Akad. d. Wins., 1900. 

Metallic iron has also been found in other basalts, as for instance at 
Antrim in Ireland, at Rowno in Wolhyiden, near Weimar in the neigh¬ 
bourhood of Cassel; and in addition it has been observed in other basic 
intrusions and sheets. 

The famous chemist Cl. Winkler ^ suggested the possibility that the 
separation of metallic nickel and iron resulted from the presence of 
volatile metal carbonates such as Ni(C 0 ) 4 , Fe{CO) 5 , and Fe 2 (CO),, which 
become dissociated at comparatively low temperatures. This hypothesis 
finds however no support in the natural appearance of the metals 
concerned. 

The discoveries of nickel-iron, of nickeliferous iron, and perhaps in 
some cases also of metallic iron without nickel, sometimes in basic plutonic 
rocks and sometimes in the corresponding intrusions or sheets, though 
always of no economic importance, are of particular interest in that they 
form a terrestrial analogy to the cosmical meteorites. 

3. Platinum in Peridotite 
LITERAT'URU 

J. F. Kkmp. ‘Geological Relation and Distribution of l*Iatinum and Associated 
Metals,’ U.S. (ieol. Survi^y, Bull. 193, 1902. 

The platinum metals, ruthenium, atomic weight 101-7, rhodium 103, 
palladium 106-5, osmium 191, iridium 193, and platinum 194-8, have 
hitherto only been won from detrital deposits or gravels. The heaviest 
natural mineral is platinum or iron-platinum which generally consists of 
70—86 per cent of platinum, 8—18 per cent iron, a low percentage of other 
metals especially osmium and iridium, and a small amount of copper. 
After platinum come, osmiridium or iridosmium containing a little iron, 
iridium, iridium-platinum, and palladium. Allopalladium^^ the hexagonal 
modification of palladium, is found as a great rarity in a lode in diabase 
at Tilkerode in the Harz. Finally, mention must be made of sperrylite 
PtASj, and laurite, RuS^. 

Platinum was first discovered in 1755 in the auriferous sand of the 
river Pinto, in the province of Choco, Columbia. Until recently it has been 
known to occur only in detrital deposits in which deposits it has been 
found in the Urals, from whence the greatest output of the metal is 
obtained ; in Columbia ; near Rio Abeate in British Columbia ; at Minas 

' ‘ Moglichkeit der EinwandiTurig von Mctallen in EniptivRcateino unter Vcrmitllung 
der Kohlcnoxyd,’ S&cks Akademie der Wissensekaftt Leipzig, 1900. 
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Geraes, Brazil; and in New Zealand, Borneo, etc. At all these places the 
iron-platinum is found associated with a considerable amount of chromite, 
magnetite, and the decomposition products of peridotite. 

The platinum gravels of the Urals, those on the Tulameen River in 
the south-western portion of British Columbia and elsewhere, occur either 
in areas of fresh or decomposed peridotite or in the rivers which flow from 
such areas. The metal is found in nuggets intergrown sometimes with 
chromite, more seldom with fresh or decomposed olivine, and exceptionally 
with pyroxene. Here and there also it is found associated with osmiridium 
and with gold. Kemp, after examination of several nuggets, was able to 
state that the chromite crystallized somewhat earlier than the iron-platinum 
which has a somewhat lower fusion point, while the olivine on the other 
hand only separated after the crystallization of the platinum was complete. 

Erom the above considerations the conclusion was drawn by G. Rose 
as far back as 1842 that the parent rock of the iron-platinum and of the 
associated minerals must in most cases have been a peridotite, and further 
that the platinum occurred in close association with chromite or chromite 
deposits. This conclusion was substantiated at the commencement of 
the ’nineties by the discovery in the Urals at a place in the Solourieff 
Hills in the district of Goroblagodatsk, of primary platinum scattered 
throughout a somewhat decomposed olivine rock which also contained 
pockets or nests of chrome-iron. Material taken from the prospecting 
trenches, at most but a few metres deep, gave 22 grm. of coarse platinum dust 
per ton, while laboratory tests upon material taken from the ore pockets 
gave as high as 93-110 grm. of fine dust per ton of rock.^ In Beck’s Lekre von 
der ErzlngerstiiUen it is mentioned on the authority of S. Conradi that new 
discoveries of native platinum in olivine-rock have been made in the Urals. 

The occurrence of platinum metals in fresh olivine and the crystal¬ 
lization sequence mentioned above, undoubtedly justify the conclusion 
that iron-platinum and osmiridium arc the products of magmatic 
consolidation, while from their association wdth chromite it follows that 
within peridotite magma, at all events in places, minute amounts of the 
platinum metals were subjected to a magmatic differentiation in common 
with the chromite components. Further evidence of the magmatic origin 
of platinum has been obtained by Beck ^ as the result of investigation by 
mctallographic moans upon the. structure of native platinum. 


' A. Tnoairanzoff, PeUrsburg Nalunv. (ifs., Nov. 7, 1892 ; translatod hy Kemp in 
th(‘ above cited work. A. Saytzoff, Die PlalhiJagrrMdUen am Ural, Tomsk, 1898 ; reviewed 
Zell. f. prakt. Geol, 1898, p. 395; ‘Oool. Untcrmichungcn im Kroiso Nikolai-Pawdinsk,* 
Arb. des Kais. Oeol. Komiteea, St. IVtcr.sbiirg, Xlll. 1. R. Hclmhacker, Zeil. f. prakt. 

1893, p. 87. R. Beck, I'Wd., 1898, p. 25. R. Spring, 1905. E. Hussak,‘Uber 
Vorkommen von Palladium und Platin in Brasilien,’ ibid., 1907. 

^ Berichl d. Oes. d. Wisa. LIX., Ixiipzig, 1907, 
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Stanislas Meunier, taking another view, regards the occurrences of 
native platinum, those of the iron found on the island of Disko, and 
those of the chromite deposits, as formed by pneumatolytic processes i 
wherein the chlorides of platinum, nickel, iron, chromium, etc., played 
important parts. The conclusions of Meunier however'are founded chiefly 
upon laboratory experiments and not, or only to a small extent, upon actual 
observation of the deposits in question. It is considered however that 
in no case can the chromite deposits be explained by pneumatolysis, nor 
is there any support to be found for the view that awaruite, nickel-iron, 
or the platinum metals were thus formed, but on the contrary the evidence 
is regarded as indicating that all these occurrences are of purely magmatic 
origin. 

Although the platinum metals preferably associate themselves with 
eruptive rocks they are however, as pointed out particularly by Kemp, 
occasionally found in small amount in other rocks and with deposits of 
other ores. For instance, the copper ore of the Rambler mine in 
Wyoming contains a small amount of platinum as sperrylitc, while in 
Australia there is the .striking occurrence of platinum in the ashes of a 
certain gas-coal. 

In the Urals, by far the most important platinum district in the world, 
three difierent localities may be outlined. Of these the first and the most 
important lies in the neighbourhood of Nishni-Tagilsk and in greater part 
on the west slope of the Urals, while the other two are found on the east 
slope; one, comprising the river beds of the Iss and the Dyja, being 
centred around Goroblagodatsk and Bissersk; and the other around 
Nicholai-Pawdinsk. At Nishni-Tagilsk the gravels are eluvial, that is 
they have been formed m silnhy the removal of the lighter particles of the 
decomposed parent-rock, the heavy particles remaining exposed or covered 
with d6bris. The platiniferous ground covering approximately 180 square 
versts is centred around the hill Solowjewa and distributed along the 
valleys of the Martjan, Wissym, Tschaush, Syssimka, etc. The epuntry 
there consists of gabbro, diorite, serpentine, and a gneissic granite, these 
rocks being overlaid in places by limestone of Devonian age. ‘ The deposits 
discovered in 1825 produced from that date to the year 1844 somewhat 
more than 31,693 kg. of platinum, a figure which by 1895 had reached 
90,440 kg. The not-inconsiderable differences in yearly output are ex¬ 
plained not only by the variable content of the gravels of which the richest 
are now exhausted, but also from the varying market price of the metal. 
Thus in 1869 about 2107 kg. were obtained, in 1874 more than 1290 kg., 
in 1882 something above 1700 kg., in 1886 more than 1325 kg., in 1893 
1260 kg., while in 1895 something above 1030 kg. was won. 

^ Bericht des VII. InUrnationalen Qeologenkongressea, St. Pctcreburg, 1897, p. 167. 
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The gravels in the neighbourhood of Goroblagodatsk are centred 
around the hills Katschkana 886-2 m. in height, and Sarannajy 656-8 m. 
These deposits, discovered in the tributaries of the Iss in 1825, have only 
been energetically worked since the ’sixties. While the production in 
1869 was but little above 325 kg., in 1879 it rose to over 650 kg., in 1882 
to over 1640 kg., in 1886 to 2290 kg., and in 1893 to 2940 kg., since 
when it has fallen somewhat. 

In the Bissersk district energetic operations also began in the ’sixties 
from whence in the ’eighties the production rose to about 325 kg., in 1891 
to 835 kg., falling back again in 1893 to something above 650 kg. 

The price of platinum fifty years ago was only £30 to £35 per kg., or 
but one-fourth that of gold. Since then however, though subject to much 
variation, it has gradually risen. In 1900 it reached that of gold, beyond 
which it still continued to rise till the price was one-third higher than that 
of gold. Latterly however it has receded to about £160 per kg., that of gold 
being about £135. The valueof the world’sannual productionnow amounts 
to about one million pounds sterhng while that of gold is about 87-5 millions. 

The platinum deposits in the Urals produce altogether about 95 per 
cent of the total production, their contribution between the years 1824 
and 1894 being about 123-5 tons, or not quite 2 tons per year. In 1894 
the production was 5-215 tons rising in 1901 to 6-328 tons. In these gravels, 
nuggets are occasionally found which very exceptionally have weighed as 
much as 9-62 kg. Further details of these platinum deposits will be found 
in the section dealing with gravels. 


4. Native Copper and Native Gold in Eruitive Rocks 
LITERATURE 

Prof. H. Schulze in H. Kunz, Chile und die deutschen Kolonien. Leipzig, 1890. 
Julius Klinkhttrdt.— W. H. Weej>. Pull. (leol. Soc. Am., 1903, Vol. XIV^.— H. Daintree. 
‘ Note on certain modes of oecun-ence of gold in Australia,’ Quart. Jour. XXXIV., 1878.— 
K. ScHMElssKR. Die Coldfeldcr Au.stralasiens, 1897, p. 92. Dictr. Reimer, Berlin.—F. W. 
VoiT. ‘ DborsicHt ubor die nutzbaren Lagerstatten Sudafrikas,’ Zeit. f. prakt. (leol., 1908, 
p. 14. 

In the literature many cases are cpioted where gold and copper are said 
to occur as primary constituents in eruptive rocks. Since however the 
amounts are always small, sometimes even microscopic, it is extremely 
difficult to determine whether these minute particles are really primary 
or whether they have not been introduced by secondary infiltration along 
ducts which remain unrevealed in the microscopic slide. The first demand 
and sign of a primary condition is that the particular eruptive rock should 
be absolutely fresh and that around the metallic particlein question, whether 
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it be gold or copper, not the slightest trace of decomposition may be 
observed. The description of these occurrences is limited to that of the 
following cases. 

The Cordilleras of Chili, according to investigation by H. Schulze, 
include granite with a gold content. The actual words of the description 
do not however allow it to be said with certainty whether Schulze put 
much value on the demonstration of a primary condition for this gold. 
Again, according to W.H. Weed, gold occurs in aplite dykes in the Winskott 
mine near Helena, Montana. Since however in the same description 
the relationship of these dykes to pegmatitic quartz lodes is mentioned, 
and the genesis of this class of quartz lode has not yet been satisfactorily 
settled, this case is also not free from objection. The occurrences of 
auriferous pyrite in diorite in Queensland, described by Daintree, are also 
doubtful. In these occurrences veins of auriferous quartz and pyrite are 
found both in eruptive rock and at the contact of such rock with Devonian 
strata, so that a secondary infiltration of pyrite apjjcars very well ]) 0 ssible. 
According to Daintree, C. Wilkinson mentions similar occurrences in those 
goldfields of New South Wales which occur in Devonian and Upper Silurian 
beds; while in the catalogue of the museum in Melbourne where he is 
curator, 6. Ulrich describes a specimen of diorite as being auriferous, 
though it is evident from microscopic examination of this specimen 
that it must at the same time have been closely associated with gold- 
quartz veins. According to Schmeisser, north of the mouth of the Rich¬ 
mond River in Australia a scoraceous auriferous basalt occurs lying upon 
a hard compact variety of the same rock and covered in turn by a 
columnar e(puvalent. With reference to this occurrence Becik in his book 
points out that the gold present may have arisen from auriferous sand 
and gravel taken up by the basalt magma in its course. 

With copper,indisputable casesof its occurrence as a magmatic product 
are still more rare. The famous deposits of Lake Superior, those in the 
neighbourhood of Christiania, and those on the Faroe Islands, with all of 
which native copper occurs in basic rock, are as mentioned elsewhere, 
certainly younger than the eruptive rock in which they aif: found, which 
rock either exercised a reducing effect or conceivably brought about 
precipitation of the copper by means of some electric property. In his 
review of the useful deposits of South Africa, F. W. Voit describes a dyke 
of syenite in crystalhne schists in Zululand where hornblende and felspar 
enclose flakes of native copper. A similar deposit, also perhaps free 
from objection, has been stated by Schlenzig to occur in New Guinea, 
where a basic eruptive rock similarly contains flakes of native copper. 

Between the various classes of magmatic deposits which have now 
been differentiated and described there are, as will be seen from the cases 
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mentioned below, a number of chemical connecting-links. Chromium, 
while characteristic of the chromite deposits, also occurs in small quantities 
in many titaniferous-iron ores. Nickel and cobalt, while inseparable 
associates of pyrrhotite in magmatic deposits, occur also in nickel-iron and 
nickeliferous iron; in addition they appear as accessory constituents 
in the intrusive pyrite deposits and have further been shown to occur in 
some titaniferous-iron ore. Copper, while particularly characteristic of the 
pyrite deposits, is always found likewise in the nickel-pyrrhotite deposits. 
In this connection it is interesting to remember that a low copper content 
has also been established for the nickel-iron of Disko Island and for native 
])latinum. Platinum, while occurring chiefly as iron-platinum, is also 
characteristically present in small amounts in nickel-pyrrhotite while in 
addition it has been shown to occur in meteorites, as is also the case 
with chromium. The primary deposits of platinum indeed appear to be 
closely associated with those of chromite. Niccolite and chromite are 
found together in one deposit. 

It is not impossible that other deposits, and perhaps even whole classes 
whose genesis it is now sought to explain in some other way, may in truth 
have arisen by magmatic differentiation. This is more particularly possible 
with deposits which since their formation have suffered considerable defor¬ 
mation so that no proper conception of their original character is any longer 
possible. On the other hand some authorities regard as magmatic segrega¬ 
tions deposits which we consider were formed otherwise. Both Beck and 
Bergeat for instance give in their text-books under the term ‘ eruptive 
deposits ’ a cassiterite deposit at Etha Knob in the Black Hills, Dakota, 
where the tinstone occurs with spodumene, apatite, triphylite, columbite, 
tantalite, beryll, etc., in a pegmatitic granite. These minerals are so 
characteristic of the ordinary occurrence of cassiterite that the whole 
occurrence is regarded as having been formed by pneumatolysis at a 
certain stage during the consolidation of the granite. Since therefore 
the processes of pneumatolysis played the essential part the deposit 
cannot be classed with those formed directly by magmatic differentia¬ 
tion. The circumstances of the cryolite deposits of Ivigtut and those 
of the apatite lodes in the trachyte of Jumilla, Spain, both of which 
deposits Bergeat places with his group of eruptive deposits, arc 
similar. Concerning the term ‘ eruptive deposit,’ we consider that this 
is less appropriate than that of ‘ magmatic segregation,’ because as the 
pneumatolytic phenomena arc also undoubtedly of eruptive nature it 
leads to confusion. 



CONTACT-DEPOSITS 

In contra - distinction to the still extensive application of this term 
to cover such deposits as occur along the contact of one rock with another 
of different character, only those deposits, exomorphic or endomorphic, 
wiU be considered here which occur within the contact aureole surrounding 
a consolidated eruptive mass, and which in space, time, and origin, are 
associated with contact-metamorphism. This definition of these deposits 
has already been elaborated on pp. 35 and 178-180. 

The credit for first properly recognizing the nature and significance 
of contact-deposits belongs to B. von Cotta who concluded his paper Die 
Erzlagerstiitten im Banal und Serhien, published in 1864, with the following 
r6sum6 ; “ In relation to geological mode of occurrence, to form, and to 
composition, the deposits here described—those of Banat—agree most with 
those of Bogoslowsk in the Urals, and somewhat less with those of Schwar- 
zenberg in the Erzgebirge, Rochlitz in Bohemia, Russkitza on the military 
frontier, Offenbanya in Siebenbiirgen, Chessy near Lyon, Rio Tinto in 
Spain, those in the Apennines, near Christiania in Norway, and Tunaberg 
in Sweden. All of these may appropriately be placed in a class of contact- 
deposits.” In 1879 a general description of the characteristics of these 
deposits was given by A. von Groddeck in his text-book under the 
‘ Christiania ’ type ; while later in 1895 their characteristics were further 
defined by J. H. L. Vogt.^ Reference may also be made to the works of 
Th. Kjerulf and B. Lotti, mentioned below, and to the*recent article 
upon contact-metamorphic deposits by 0. Stutzer.^ 

Though in the United States this group of deposits was late in 
becoming recognized, excellent works upon it by American authorities 
have appeared in recent years. Among these works the following may 
be mentioned; 

W. Lindoren. ‘ The Character and Genesis of certain Contact-Bepowits ’ in ‘ Ore- 
Deposits/ reprinted from Vols. XXX. and XXXI. Am. Inst. Min. Kng, 1902 i ‘ The 

' Zeit. /. prakt, Qeol., 1896, p. 460 
» Ibid., 1909. 
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Copper Deposits of the Clifton-Morenoi District, Arizona,’ U.S.G.S. Prof. Paper 43, 1006.— 
W. H. Weed. ‘ Oro Deposits near Igneous Contacts,’ Am. Inst. Min. Eng., October, 1902. 
—J. Babrell. Geology of the Marysville District, Montana,’ U.S.G.S. Prof. Paper 67 
1607.—,J. F. Kemf. ‘ Ore Deposits at the Contacts of Intrusive Rocks and Limestone, etc.,’ 
Econ. Gcol, 11., 1607.— Van Hise. ‘ A Treatise on Mctamovphism,’ U.S.G.S. Monograph 
47, 1904. 

• 

Rocks as tke result ol contact-metamorpMsm undergo in many cases 
a rccrystallization without any addition or loss of material, except water 
and carbonic acid which are expelled. In other cases, and especi¬ 
ally within the inner zones of the contact aureole adjoining the eruptive 
rock, an addition or a loss of material may often be observed. Eor instance 
by the addition of SiO„ and the expulsion of CO^ from simple limestone, 
wollastonite may be formed, and from dolomite the mineral diopside. 
Similarly, garnet, augite, hornblende, epidote, scapolite, etc., may arise 
by increment of new material. 

The re-formation of minerals, especially that occurring along fractures 
or divisional planes, often results from mctasomatic processes. With con- 
tact-mctamorphic recrystalhzation, a ‘contact-metasomatis’ may therefore 
be discriminated, this term having been suggested by Barrell. In many 
cases the increment of material consists of ore and particularly of iron 
ore. In this connection, just as the terms garnetization, tourmalinization, 
axinitization, and silicification, are recognized as appropriate in their 
place, so in cases where iron is introduced the term ferrification appears 
applicable. 

Speaking generally, contact-metamorphism is regarded essentially 
as resulting from the saturation of rocks with the highly heated vapours 
escaping from a magma, among which vapours that of water plays an 
important part. Contact-deposits arising therefrom are more frequently 
found in connection with plutonic rocks, and less often and less extensively 
with dykes and sheets. Among the plutonic rocks again it is particularly 
the acid and intermediate members such as granite, syenite, diorite, etc., 
which provide ore-deposits within their contact aureole; with plutonic 
rocks of basic^character such deposits are much more seldom. This more 
frequent association of contact-deposits with acid and intermediate rocks 
is generally held to be because those rock-magmas carry a larger quantity 
of magmatic water than do the basic equivalents. 

In but few cases are contact-deposits found in sandstone, grauwacke, 
or slate ; most of them occur in more or less impure Umestone, an association 
explained by the greater ease with which limestone succumbs to chemical 
attack. Contact ores consequently are usually found accompanied by 
those minerals which are characteristic of the transformation of impure 
limestone, namely by grossularite or lime-alumina garnet, by andradite 
or lime-iron garnet, by diopside-pyroxenes, by wollastonite, hornblende. 
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biotite, epidote, vesuvianite, scapolite, calcite, spinel, etc. With these, 
some quartz is often associated and occasionally some fluorite, tourmaline, 
axinite, as well as other fluorine- or boron minerals, such for example as 
datolite, danburite, and ludwigite (3MgO, B^Oj, b'e.^O^). At Elba and at 
Kupferberg in Silesia the mineral lievrite also occurs. Finally as a great 
rarity helvite, a sulphide-sihcate, is found. The great similarity of these 
contact minerals with those found occurring in the celebrated blocks upon 
Monte Somma, Vesuvius, must here be remarked. 

The most important contact ores in the order of importance are : 
magnetite, specularite, pyrite, the sulphide ores of copper, zinc, lead, etc.; 
various compounds of arsenic, bismuth, silver, etc.; and metallic gold. 

(lontact-deposits either occur ‘ immediate,’ that is at the contact of 
the eruptive rock with the country-rock, or within portions of the country- 
rock surrounded by the eruptive ; or they are ‘ collateral,’ that is they 
occur within the contact aureole but at some distance from the eruptive. 
In many cases, as illustrated in Figs. 48 and 49, they appear as beds 
or masses conformably interbedded. Often too the ore itself is streaked 
or banded as in Fig. 122, an appearance probably due to the preference 
with which the mineral solutions attacked those layers, those for instance 
of limestone, wherein the change was most readily elfected. In other cases 
the alteration proceeding along fissures would form lode-like ore-bodies 
within the contact aureole. Sometimes, as illustrated in Fig. 60, both 
forms of deposit, the conformably-bedded on the one hand and the lodes 
on the other, occurred together in one place. 

These deposits, genetically dependent upon the actual mechanical 
intrusion of the magma as well as upon the material derivable from it, 
must be distinguished from those other deposits which subsequent to their 
formation have become altered by contact with an eruptive rock. Were 
a pre-existing bed, for instance a sedimentary or metasomatic sphalerite 
or hnionite deposit, included within a complex which suffered intrusion 
by an eruptive magma so that this bed lay in the aureole, it would become 
changed, without any material addition from the magma. In the case of 
the two ores mentioned the alteration would be to magnetite with the usual 
accompaniTiient of contact minerals. Busz^ has described the alteration of 
sphalerite to magnetite along a basalt dyke in the Louise mine, Siegerland. 
According to F. Klockmann ^ occurrences of such iron deposits as have 
been altered by contact-metamorphism subsequent to their formation,occur 
for example where the Devonian formation in the Oberharz with its already 
existing haematite beds, was intruded by Carboniferous granite; at Angers 
in Brittany also,® near Gala in the Sierra Morena, and at Cclleiro in the 

^ Zentralbl. / Min., 1901. * Zeit. f. prakt. Geoh, 1904, Vt. 3. 

* Ch. Barrois, Ann. de la Hot,. Giol. du Nord, 1886, XII. 
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Asturias. The occurrence at Gala however, though regarded by Klockmann 
as one where subsequent alteration by contact-metamorphism took place, 
is regarded by Schmidt and Prciswcrk ^ as an original deposit of material 
within the contact aureole of a small granite mass. Klockmann moreover, 
basing his views mainly ypon the examples mentioned above, asserts in 
the article cited that all deposits which have so far been considered as 
forming the group of contact-deposits are but pre-existing deposits altered 
by contact-metamorphism, and that consequently no separate increment 
of ore from the magma took place. 

This view appears to be erroneous if only because in many districts, 
for instance that of Christiania, the ore-deposits occur exchisively in the 
contact aureole of the eruptive rock. With such occurrences the formation 
of the ore is in regular relation to contact-metamorphism and genetically 
is quite distinct from the contact-metamorphism of pre-existing deposits. 
Kemp, as an argument pointing to the introduction of new material with 
contact-deposits, recently called attention to the fact that the garnet 
which accompanies contact ores is in places the iron garnet, andradite or 
aploine, Ca,jh'c„8i,|Oj,„ the iron content of which cannot have been derived 
from the limestones as these are poor in iron. 

Again in the immediate neighbourhood of the contact-deposits the 
ordinary .strata arc usually intensely metamorphosed and often contain 
quite largo crystal-individuals of the coirtact minerals, expressive of the 
high degree of contact-metamorphism they have suffered. This extra 
degree, termed by Vogt poteiizierlv Konldlimetamorphose or ‘ contact- 
supermetamorphism,’ is doubtless explained in that the vapours issuing 
from the magma were particularly plcntifidly introduced into the beds 
occupying this ])osition. 

Contact-deposits arc often found traversed by dykes, aschist, and dia- 
schist, of the particular eruptive rock concerned. From this, siqjplcmented 
by the fact that the ore-deposition in many localities, as for example at 
Christiania, took })lace not in the eruptive but exclusively in the country- 
rock, the concision may be drawn that the ore was deposited before the 
consolidation of the eruptive. In other cases, as for instance in the 
formation of tin lodes, deposition of ore continued after the crustal consoli¬ 
dation of the molten intrusion. Further, among contact-deposits a number 
of very important occurrences are included, not only of iron but also of 
copper, zinc, lead, etc., and indeed even of bismuth. Since the beds of the 
country-rock contained originally none or but minimal quantities of these 
last-named heavy metals, the content of such deposits must be derived 
from the magma itself and in the following manner. The vapours and 
solutions issuing from the magma laden with combinations of these heavy 
‘ Zeit. /. prakt. Qeol, 1904, p. 230. 
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metals, entered under pressure the solid country-rock where under conditions 
of super-metamorphism the ore was deposited. It must be taken into con¬ 
sideration however that in this process the vapours would at times attack 
the country-rock and extract certain of its constituents. It is reasonable 
to suppose that in this manner siUca has often undergone solution, and 
that in the alteration of Umestone towollastonite or of dolomite to diopside, 
the silica introduced has in many cases not been derived from the magma 
but from the neighbouring slates or schists. 

With some contact-deposits more stages than one in the ore formation 
may be observed. Before the consolidation of the eruptive rock and in 
the early stages of that consolidation the ordinary contact-deposits were 
formed, and later the different lodes, which latter are to be regarded as 
an immediate consequence of the eruptive activity. 

The juxtaposition of contact-deposits and magmatic segregations in 
any natural system of classification and the close relationship between 
these two groups in general, are points which arise from the fact that they 
both take their metal content direct from the magma. The physical and 
chemical processes operative in the two cases are however widely different. 
On the other hand the relationship of contact-deposits to the tin 
lodes is unmistakable. The formation of the tin lodes associated with 
granite and that of the contact-deposits so often occurring in close con¬ 
nection with granite, are both to be regarded as eruptive effects, in so far 
that the ore deposited in each case was directly derived from the magma. 
Since however the associated minerals in one case differ essentially from 
those in the other, the chemical processes which were operative 
must again have been quite different. As will be discussed later, in the 
formation of tin lodes the fluorides play a decisive part. In the contact- 
deposits on the other hand fluorite is but seldom met. In these latter, 
scapoUte with a small chlorine content is more often found, though in very 
small amount. The halogens accordingly took part not infrequently in 
the formation of contact-deposits, though their amount being so small 
they caimot generally speaking be taken to have had any material influence 
upon the mineralization. The heavy metals, such as iron, copper, etc., 
were therefore certainly not present in the vapours combined with the 
halogens. The form in which they occurred has not been established, 
perhaps in part it was as carbonates with water. 

With some deposits associated with granite, as for instance at Pit- 
karanta in Finland and Schwarzenberg in Saxony, contact-deposits 
containing magnetite and various contact minerals on one side, and occur¬ 
rences of cassiteritewith its companion minerals on the other, occur together 
in one place. From this the inference may be drawn that under certain 
conditions both classes of pneumatolytic or pneumatohydatogenetic pheno- 
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mena can pursue their course independently yet in time and space more or 
less together. 

The minerals present in contact-deposits are not always entirely 
the same but may occasionally vary. Apart from the ore which usually 
exceeds all the other minerals in amount, garnet, augite, and hornblende 
are the most frequent, while epidote and wollastonite are more seldom. 
In some cases however these two latter minerals equal the other silicates in 
amount, while certain deposits, among them being that at Carnpiglia Marit- 
tima in Italycontain lievrite, different pyroxenes, quartz, calcite, fluorite, 
and epidote, but no garnet. These differences according to Bergeat may 
perhaps be referable partly at least to the temperature obtaining at the 
time of formation. Those deposits which were formed immediately at 
the contact with the intrusive rock are particularly distinguished by garnet, 
pyroxene, and hornblende, while those farther removed more particularly 
contain the hydrous silicates, epidote, and lievrite, the formation of which 
probably do(\s not necessitate so high a temperature. Wolla.stonitci as is 
well known ^ plays the part of a geological thermometer, since its formation 
at a pressure of one atmosphere is only possible below a temperature of 
1180“, a limit which under greater pressures is doubtless raised. In general 
it may be taken that the contact-deposits were formed at temperatures 
above the critical temperature of water, 375° C. 

Sedimentary rocks which have suffered contact-metamorphism, even 
those situated in the immediate vicinity of the intrusive nmss, still plaiidy 
show their original bedding so that in spite of the nearness of the molten 
magma, the temperature operative has not been high enough to fuse 
these rocks. 

Bergeat ® in the year 1959 suggested ‘ a))omagmatic ’ and ‘ peri- 
magmatic ’ as qualifying terms, the first for ores and minerals whose heavy- 
metal content was e.xtracted, no matter how, or issued from a magma and 
was deposited at a distance, while, the second was for such deposits as settled 
in the immediate vicinity of the intrusive mass. To the first class would 
belong in our oj)inion not only the contact-dejjosits as here defined as well 
as the cassiteriuc and apatite lodes, but also a whole number of other occur¬ 
rences, as for instance those of quicksilver and many of gold, silver, lead, 
copper, etc. 

The iron deposits occurring in the fundamental rocks at Arendal in 
Norway, and at Persberg, Dannemora, etc., in Middle Sweden, have in rela¬ 
tion to their genesis been variously regarded by difierent authorities. 
Those of Arendal according to Vogt are contact-deposits and under that 
heading they will here be described, while those of Middle Sweden, though 

^ Bergeat, Neuu Jakrh. f. Min., 1901K 
^ Allen and White, Am. Jour. Sc. XXL, 1906. 
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in reality they may include deposits of various genesis, will be treated in 
the annex to this section. 

Among contact-deposits the oxide deposits, such as those of magnetite 
and specularite, may be differentiated from the sulphide deposits or those 
containing iron, copper, zinc, and lead, though this division is by no means 
sharp. While in some contact areas, as for instance in Elba, in the Spring 
district of Utah, etc., the deposits are almost exclusively of oxide-iron ore, 
and in others, as for instance in Arizona, they are chiefly sulphide ores 
of copper, etc., nevertheless in many cases, as for instance at Christiania, 
in the Banat, and in the Urals, both classes of ore occur so intergrown 
that in one and the same district some mines are worked for iron while 
others are worked for copper, zinc, and even for bismuth. 

Some contact-deposits attain very considerable dimensions. The 
copper occurrences in Arizona for instance, which according to Lindgren 
belong to this class, are among the most important copjier deposits in the 
world. The iron deposits of the Urals which are erpially of contact-meta- 
morphic origin are likewise very important. 


OXIDE CONTACT-DEPOSITS 

The iron deposits of this class wherever they occur are, so far as 
present experience goes, distinguished by an almost complete absence 
of titanic acid and generally by the smallness of the amount of 
manganese present. On the other hand the amounts of pyrite and 
of sulphur may be considerable. Apatite usually only occurs in traces, 
though exceptionally, as in the Urals, it may bo more plentiful. In the 
Spring district, Utah, the phosphorus content of the iron ore varies between 
0-05 and 3-18 per cent with an average of 0-2 per cent. 


Christiania District 
LITERATURK 

Til. Kjerulf. Dio Gcologie des siidlichon Norwegens. German translation by A. 
Gurlt. Bonn, 1880.—J. H. L. Voot. Norsko Krtaforekomster, I., 1884; Archiv f. 
Math, og Naturv., IX.; Geol. Foren. Fbrh. XIll., 1891, pp. 687-735; Norw. geol. Landes- 
unters., No. 6, 1892; Zeit. f. prakt. Geol., 1804, p. 177; 1896, p. 154; Problems in the 
Geology of Ore-Deposits, Vols. XXX. and XXXI; Amor. Inst. Min. Kng., 1902. 

Thepost-Silurian and most probably Devonian granite and nordmarkite 
of this district, particularly where they abut upon beds of Silurian age, are, 
as shown in Fig. 147, surrounded by a number of contact-deposits. The 
geology of these intrusive rocks has been exhaustively studied by W. C. 
Brogger, who used the term ‘ nordmarkite ’ for a sodium-quartz-syenite. 
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These contact-deposits are essentially of iron ore, magnetite in 
the first place but also specularite. In some cases however 
they contain cither sphalerite, galena, chalcopyrite, or bismuthinite, 
or a mixture of all of these. More than one hundred small iron 
mines have been worked here at various times though all are now 
almost completely stopped. Latterly important deposits of sphalerite, 



Gramts 



Fia. 'I'll. -Plan ol a .small jtrosjiect Pru. 22S.—Section ol' the Narverinl ir<m nnm: 

at Sveiiskeskjarpet iioai' Skreia Voj't. in the neiglihonrhoo<l of Dratnnien. Vogt. 


or sphalerite and galena, have been discovered near Hakcdal, north of 
Christiania, and others of bismuthinite near Kjenner, east of that town. 
Concerning the position of these various deposits relative to the granite 
and nordinarkite, Vogt in 1891 gave the following figures. Of 108 different 
mines and prospects 17, ecpiivalent to sixteen per cent, occurred in areas of 
Silurian beds completely surrounded by granite, such areas, as illustrated 



Fio. 229.—Geological po'<itioii at the Nyherg iron mine neai Skioi.i, .showiiig liio ileposit 
travei'.sud Ity dykes ol granite or tpiarlz-)>oi'i)hyry. 


in Pig. 227, generally being small; 22, or twenty per cent, occurred either 
immediately at the contact of the granite with the sediments or within a 
distance of 20 in. from it, as illustrated in Pig. 228 ; 48, or forty-four per 
cent, were found farther away, generally 50-250 m. from the contact 
though exceptionally as much as 1600 m.; while the remainder, or twenty 
per cent, were found near the intrusive rocks in the fundamental schists or 
in the pre-granite sheets of porphyry close to the granite or nordmarkite. 

Within the contact aureole the deposits are distributed over a number 
of horizons in the Silurian beds, though outside of this aureole, apart from 
one or two unimportant occurrences near other eruptive rocks, they are 
completely wanting. The deposits here cannot therefore be regarded as 
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metamorphosed pre-existing deposits, but must be held genetically to 
stand in the closest relation to the granite and nordmarkite intrusions. 
Keilhau as far back as in the ’thirties made this observation, though he 
regarded the granite as an alteration product of the Silurian beds. The 
deposits never occur actually in the granite nor in the nordmarkite but, 
apart from occasional occurrences in the old porphyry sheets, exclusively 
in the neighbouring Silurian beds. Even the smallest patch of these 
Silurian sediments found surrounded by granite often contains consider¬ 
able quantities of such ore. The ore derived from these intrusive rocks, 
whether of iron, zinc, lead, or bismuth, was deposited while the intrusive 
was still in a magmatic condition. 


The Banat in Southern Hungary 
LITERATURE 

B. VON' ('oTTA. Erzlagorstatton ini Banat und Sorliien. Vienna, I8(i4.—(i. Marka. 
‘Einigo Notizon uberdas Banator (lebirgo/ Jahrl). d. k. k. geol. Roichsanstalt, Vol. XIX., 
I8fi9.—CUsTEL. ‘ moires sur ios niincM tin Banat,’ Ann. dcs ininos, G* sor., XVI , 
18G0. —E. Sekss. Zukunft drs (brides. 1877, p. 2.58; Antlifz dor ICrdi*, Vol. 1., 1885, 
p. 210.— J. Szvno. Fuldt. Kozl. Vd., 187G.—ll.r. S.rooRHN. ‘ Boitrag zur Konntnis der 
Erzlagorstatton von Moravicza und Dognaoska ini Banat,’ .Faiirb. d k. k. geol. Ileiflis- 
anstalt, X.XXVl., 1880. Also in (Jool. Fdron. Forh. VII., 1885 —.1. Mae\v(ts. ‘ Berielit 
libor die in don dahron 1887-1890 in Sudiingarn boworkstoUigton Dotailanfriahmon,’ dahrb. 
d. Ungar. gool. Anstalt. —P. Bozi.oz.'inik und Koi.oman Ek.v^jZT. ‘ Boitrago zur gonaiuTen 
petrographisohon und olicmischon Koniitnis ilor jianatite dos Koniitais Krasso-Szbrony,’ 
•lahrb. d. IJngar. gool. Anstalt, Vol. XVI. Pt. 4. p. 190. 

In the western portion of the Krassd-Szih-enyer district, that is the 
Banat, Mesozoic sediments belonging in general to the .Inrassic and the 
Cretaceous formations are found lying upon what are pcrlia])S Arcliasan 
mica-schists and gneisses. The younger sediments, forming synclines 
long extended in a north-south direction, arc ruptured by a powerful 
zone of disturbance which can be followed apjiroximatciy in the one 
direction for more than 100 km. It is supposed that along this zone 
during the Upper (,'retaccous period considerable masses of eruptive rock 
made their exit whereat the calcareous beds bc^'ame nletamorphosed, 
with the deposition of ore, which occurred partly at the contact itself 
and partly at points more or less removed therefrom. 'Phree limestone 
occurrences here enclose most of the deposits, namely those at Vasko- 
Dogiidcska, at Oravicza-Cziklova, and at Szaszka-Moldava. 

The eruptive rock is of an intermediate type and petrographically 
to be regarded as coming between the orthoclase and plagioclase rocks. 
By von Cotta it was named ‘ banatite.’ Previously some portions 
had been variously described as syenite and syenite - porphyry, and 
others as quartz-diorite, quartz-trachyte, and andesite. According to 
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recent investigation by Eozlozsnik and Koloman, these rocks include 
quartz-dioritc, quartz-diorite-porpliyrite, granodioiite-aplite, quartzosc 
biotitc-ainphibole-augite-diorite, gabbro-diorite, (juartzose syenit('-di<)rite, 
and gabbro-diorite-aplite, all these making together a grano-dioritic series. 
With the plagioclase some orthoclase almost always occurs. The com¬ 
parative richness of these rocks in iron is worthy of remark, especially as 
this richness pi'obablystands in causative connection with the iron deposits. 
These rocks also always contain titanite, though ilmenite is practically 
absent. 

Hungarian geologists agree that the facts available point to the con¬ 
clusion that the above-mentioned eruptive rocks belong to the end of the 
Cretaceous period. With their intrusion an eruptive cycle began in 
Hungary in the course of which during almost the whole of the Tertiary 
period, andesite, dacitc, rhyolite, and basalt, were foi'ccd to the .surface. 
Where the cru|)tivcs broke through the Tithonian limestone they altered 
that rock to marble^ Wath increasing distance from the eruptives this 
alteration became less and less ])ronounced till finally the lime.stone 
lemained unaltered. Tn this unaltered limestone, not far from the 
contact with the eruj)tive, Halavats found ncrines and corals from the 
pres(mc.e of which he was able to rectify the wrong conception as to the 
age of this limestone which had previously been held. 

Th(! ore occurring in the contact aureole and consisting chieHy of mag¬ 
netite with some specularitc, is accompanied by the usual contact minerals, 
such for instance as garnet, wollastonite, vesuvianite, mica, tremolitc, 
actinolite, augite, epidote, quartz, etc., and less often by tiuorite, 
richterite, ludwigite, and others. The ore. of Vaski) on an average 
contains some 55 per cent of iron, 0-5-l-Tb Mi\0, 0-10-0-’20 P.,0., 0-05 - 
t)-2 S ; often also some copper, but no titanic acid. In the southern 
portion of this c.vtcnt of eruptive rock, sulphides of co])pcr, lead, and zinc 
occair which occasionally carry some, gold, while in addition the, presence of 
orpiment and realgar is noteworthy. The ore-bodies, which are generally 
in the form of chambers or masses, often attain considerable width which in 
l)laccs may reach to 80 m. and more, besides which, veins of pure magnetite 
arc occasionally seen to extend right into the surrounding limestone. They 
are illustrated in Fig. 48. The genesis of these deposits was in the main 
properly understood by von Cotta as far back as the ’sixties. In 188.5- 
1886 however his conclusions were questioned by Hj. Sjiigren who regarded 
the ores as sediments and the limestones as members of the Archsean for¬ 
mation. 

The most important mining towns of this district are Bogsan, Vaskfi or 
Moravicza,Dogn&cska,Oravioza,Szaszka,Cziklova,and Uj-Moldava or Neu- 
Moldava, these places being distributed in a north-south direction between 
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the river Temes and the Danube. The mining industry thus centred is 
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an ancient one having been begun in the time of the Romans; Tacitus 
even, in his time, described the mines of Neu-Moldava. While however 


















CONTACT-DEPOSITS 


359 


operations formerly were directed chiefly to the winning of the sulphide 
ores, especially the copper ores of Dogndcska, Oravicza, and Szaszka, the 
lead ores of Dogndcska, and the cupriferous and plumbiferous pyrite 
masses of Moldiiva, operations to-day are almost confined to the winning 
of iron ore in the northern portion of the district where near Vasko the 
deposits of such ore are of some importance. From 13,000 tons in the 
year 1857 and 18,000 in 1805, the yearly output from these deposits 
has risen to 120,000-150,000 tons at the present, to which must be added 
approximately 1000 tons of pyrite concentrate. In addition, a mineralogi- 
cally very interesting occurrence of orpiment and realgar, accompanied by 
fluorspar, is exploited at Neu-Moldava. 

Ed. von Suess pointed out that the Krassd-Sz6r6nycr fracture zone 
extends southwards across the Danube into 8ervia and northwards beyond 
the river Maros west of the Siebenburgen mining district. Along both of 
these extensions it is associated with similar occurrences of ore, among 
which Kezbanya in the Bihar county immediately at the Siebenburgen 
frontier, is the best known.i Probably the copper deposit of Maidanpek 
in Servia, formerly worked by the Romans, belongs also to the group of 
contact-deposits now being described. Von (’otta in 1804^ called attention 
to the analogy of these occtirrences with those of the Banat. Pyrite, some 
chalcopyrite, galena, sphalerite, and magnetite, with generally less than 
1 -0 per cent of copper, occur in irregular masses or bunches at the contact 
between andesitic rock and crystalline schists which farther to the north 
are covered by Upper Cretaceous limestone. The oxidation and cementa¬ 
tion zones with 6-10 per cent of copper were considerably richer.® 

The younger eruptive rocks, principally andesite, which in Siebenburgen 
are associated with gold- and telhirium-gold lodes, are occasionally also 
accompanied by contact-deposits, as for instance at Ofienbanya, illustrated 
in Fig. 49, and at Remez where diasporite occurs in one place in close 
connection with marble, as the result of contact-metamorphism. In both 
these cases young eruptive rocks are found in the immediate vicinity. It 
is however pertinent to remark that diasporite, consisting almost ex¬ 
clusively of the mineral diaspore, is in general of metasomatic formation. 

^ F. Posepiiy, ‘ Genesis of Ore Deposits,’ Trans. Amer. Ind. Min. Eng. XXX., 1901, 
pp. 98-101. 

* Erzlayerstatien iin lianat nnd Serbient 1864. 

® F. Hoffmab, ‘Siir Maidanpek,’ Ann des mines, Belgrade, I., 1892. 
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(!ontact-Deposits ik the Urals 
LITERATURE 

For VVyssokaia-(4oni, CJora Jilagodat, and Modnorudiannk. 

G. Hose. Mineralogiseh-gcogiioHtischc Reiso nach cbm Ural, Altai, und KaHjiischen 
Meuro, 1837, Vol. J., p. J102.—P. l^RiiMEKW, ‘ Los Minerals do fc^r dans les districts miniors 
do la chaino do TOural,’ Jour, dcs minos, 1850, Jl., p. 313.—N. Jakovj.kv. ‘ Esqulsse 
goologiquo do la region metalliforc dos syenites dans le district do Nizne-Tagd.sk,’ Pull. 
Com. Geol. Vol. \XV., No. 122, lOOO.—F. Lokwin.son-Lessinu. Mitteilungen aiis 
dem Min. Laboratomim dos Polytechnikums in .St. Petersburg, 1000, Vol 1., and 1007, Vol. 
VII1.—H. MriXEEt Ueber den Magnotberg Cora Rlagodat, Rerg- u. Iliittenm. Zeitg., 
1800, p. 54.—A. KakI’INskv. A])er9U des rieiiesses minerales do la HuhsU' d’Euro])e, 1878. 
—.loHANSON. Jornkontonds Annalor, 1804.- S. Cz\S2Kovvski. J.os Venues metalliferes 
do rOural. Paris, 1800.--'J’ii. TsuiiERNiscmEW. (Juido des excursions du VIP eongr^s 
geolog. internat. St-Petorsbourg, 1807, Pt. IX.—A. G. IIoobom. ‘Om do vid syenitbergailcr 
bundna jernmalmennai Oslra Ural,’ Gcol. Foren. Forh. XX., Stockholm, 1808.—R. Beck. 
‘ Dio Exkiirsion <lcs V11. Inlernationalen (leologenkongresses naeli dem Ural,’ Zeit. f. jirakt. 
Gcoi., I Hits, p. 25. 

The Archceaii core of the Ural mountains following the 30th meridian 
east of St. I’etcrsberg, is flanked to the east by a contorted comjdex of very 
varied eru])tive rocks and tuffs of late Palaeozoic a^e, l)ot\veen wliich, small 
bands cluehy of Devonian limestone arc found, tliese in places beiiif; altered 
to marble. This eruptive chain is formed of porphyry and por])liyrite with 
syenite and gabbro. As.sociated w'itli the latter is Her[)entine, and witli 
this again, clironiite, platinum, and Hold, in the Middle Urals e.speeially, 
and here again more particularly in tlu; nciglibourliood of the railway 
which from Perm after olimliing the Urals leads soutliwards over Nisclmi- 
Tagilsk to Ekaterinburg, rich and famous deposits of iron and copjier occur 
at tile contact of the above-mentioned eruptive rocks witli the Palaeozoic 
limestone.s. Among the numerous deposits of iron ore to be found tliere, 
that of Gora Blagodat or Holy Tlill near Kuscliwa and that of Wyssokaia- 
Gora or High Hill near Nisclmi-Tagilsk, are the most famous. T’hcsc two, 
the first the property of tiie Crown and tlie second tliat of Prince Demidow, 
form the centre of the iron-industry in tlie Urals. As indicated in Fig. 
150, immediately to the south-east of Wyssokaia the famoij.s copper mine 
Mediiorudiansk is found, while farther to the north ii. addition to numerous 
analogous deposits, are the important occurrences at Katsclikanar and 
near Bogoslowsk, of which the former are worked for iron and the latter 
for copper. 

Tschernischcw and other Russian and German authorities regard 
these deposits as magmatic segregations, a view which for reasons more 
closely discussed below we cannot endorse. As representative of the 
most important of these deposits those occurring in the neighbourhood of 
Nischni-Tagilsk and Kuschwa may be more closely considered. 

(a) Wyssokaia-Gora .—The eruptive took, to the contact with which 



CONTACT-DEPOSITS 


361 


we consider the ore fornmtion is to be ascribed and of which the hill itself 
is composed, is by its holocrystalline structure and composition a very 
variable syoiite, chiefly augite-syenite, while the bands and patches of 



IdiiiostoiH' Tiiiraiid I'oipliyiv fSypiiit.-. MatriifliU' Alter.'.! 
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Fkj. 231.-—(Jeolo^ical map of the Nijnc - Tagnilsk distru t inolmlijig Wyssokaiii - Oora, 
Mnliioru.lmii.sk, .■tc., uml slio'.\nij> tlu- iirngm-titc miiios. Scale, 1 : 112,000. Tli. Tsi'lieriiischcw, 
(Jvide des exciii'stiins dit VIl'^ ('nniji^s f/hd. intent. St-Peterslnnii'(i, 1897, No. IX. p. 8. 

1, Nijm'-T.is'iil.sky , 11. .New laiisky . Ill, Alapaicswky . IV, Wnkh-hsetsky . 

V, Sonksoiiiisky , \ I, HcKlnisky. 

•» 

compact rock which occur within its mass represent streaked segregations. 
With this syenite, quartz-free orthoclasc-porphyry alternates, w'hich like 
the syenite consists chiefly of felspar and subordinately of augitc and 
biotite, the felspar being generally represented by microclinc and albite. 
Magnetite also is in places often seen. 
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The Devonian beds broken by these eruptives consist of alternating 
limestone, tuff, altered slate, and finally intercalated porphyrite 
sheets, the black porphyry of the Lyssaia. The limestone, of which 
there are six horizons and of which the youngest according to Jakowleff 
contains Stringocephalus Burtini, is in greater j>art altered to a garnet- 
epidote rock. Hogbom believes there is evidence that the porphyry and 
syenite in places have also been converted into the same rock, in the com¬ 
position of which according to Loewinson-Lessiug, garnet, epidote, chlorite, 
calcite, and magnetite, take part. 

The large magnetite masses of Wyssokaia, though gradual transition 
from ore to country-rock may occasionally be observed, usually form 

sharply - bounded and distinctly bed¬ 
like masses having sometimes the 
orthoclase porphyry for country-rock 
and sometimes the garnet-epidote, 
while generally speaking they dip to 
the south-east or to the east. To 
the south the limestone in which the 
copper deposit at Mednorudiansk is 
contained, extends to the occurrence 
of magnetite. Displacement of the 
ore-bodies by faulting subsequently to 
their formation can be observed in 
more places than one. At their borders 
the felspathic rocks are kaolinized and occasionally include large blocks 
of magnetite. 

The garnet-epidote rock is generally regarded as a jiroduct of contact- 
metamorphism. Loewinson-Lessing accepts this genesis also for the ore- 
deposits, a view which Jakowleff endorses, at least for a portion of the ore. 
Beck 1 differentiates here both magmatic and coiitact-ractamorphic ores 
and takes the view that magmatic differentiation and contact-meta¬ 
morphism proceeded simultaneously. I 

It is conceded that the genesis of these deposits has not yet been 
satisfactorily solved, but the fact remains that all those recorded observa¬ 
tions of different authorities to which no objection may be taken, may 
only be explained by contact-inetamorphism. The ore is pure containing 
about 65 per cent of iron, a low percentage of manganese and phosphoric 
acid, and often sulphur. All these features are characteristic of contact- 
metamorphic iron ore. The average composition is as follows ; 


Oai net- 


S3 

posol |>t)l - 

phviy and 
oiUkh la« 


Fki. 232.—Geological nifqi of a. portion 
of Wyssokaia-Gora. Th. Tschenu.'icliew. 
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MnjO, . 1-30 

Cu . . 0 06 

P . .003 

S . . . . Traces 

SiOj . . . 2-8,'> 

AljOa . . . 1-80 

CiiO • . . . Oil!) 

MgO . . . 0!)8 

Mining operations which began at the commencement of the eighteenth 
century, now keep about twelve blast-furnaces supplied with ore. During 
the ’nineties about 100,000 tons of iron were produced yearly. 

(6) Gora Blagodat .—Two kilometres from Kuschwa, the centre of the 
Imperial iron and steel industry, the famous hill of Gora Blagodat rises 
from its flat surroundings to a height of 1151 feet above the sea and 500 
feet above the neighbouring service-reservoir, as an extended elevation 
facing north-east. This hill consists of different rocks ; to the west and 
north, of garuct-cpidote rock ; on the top and to the east, of orthoclase- 
porphyry, syenite, and magnetite. The magnetite, that is the ore, disappears 
as soon as the garnet-rock found in the foot-wall is entered, the two forma¬ 
tions mutually excluding one another. On the other hand the ore forms 
regular, well-defined beds apparently conformable to the orthoclase- 
porphyi'y, so that the appearance of regular and conformable alter¬ 
nations of ore and eruptive rock is presented. A remarkable feature is ’ 
described by Tschernischew who states that almost everywhere the 
boundaries of the garnet-epidote rock, whether against orthoclase- 
porphyry, syenite, or ore, follow tectonic planes or faults, so that its 
normal bedding-relations are nowhere available for observation. This 
garnet-epidote rock however, it is considered, can only be regarded as a 
limestone altered by coutact-metamorphisrn. The question whether in 
the place of the present beds of magnetite some other rock formerly 
separated the sheets of syenite-porphyry, has so far not been determined 
or been possible of determination, though the occasional occurrence of 
small w'hite patches of calcareous material within the ore points to such 
a possibility. 

Evidences of the mechanical action of orogenic forces are not only 
discernible in the above-mentioned boundary faults but also in the folding 
which has raised the magnetite beds together with the eruptive masses 
alternating with them, into an anticline striking north-south, as illustrated 
in Fig. 234. These same forces also have left their impress in detail in the 
shearing, kneading, bending, and breaking of crystals, observable in the 
ore as well as in the eruptive rock. Of the faults two different systems 
may be distinguished, an older one striking S.S.E. and N.N.W., and a 
younger one maintaining an east-west direction. Since the fissures of 
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these faults are filled with breccia and lined with polished surfaces of 
magnetite these faults are obviously younger than the ore. 

While in general the separation of the ore from the red eruptive rock 
is definite and observable even from a distance, it is occasionally the case 
that by increase in the amount of felspar present a gradual passage from 



Ki(i. 233.—Ecological niai» of tlic (iora Hlagodat distiict. i'li. Tschcriiisclicw. 


ore to a felspathic rock free from ore is presented. This circumstance 
doubtless suggested the idea of magmatic origin for the ore concerned. 
Loewinson-Lessing as the re.sult of his inve.stigation came to the conclusion 
that the ore found intergrown with augite and felspar is younger than 
those minerals, though it is true he ascribes it to a magnetite magma. Beck 
on the other hand ^ regarded the loo.se aggregates and individual crystals 
of augite and felspar as the early-crystallizing constituents from a magma 

^ L(k. cil. 
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of which the, magnetite components, after corroding the earlier crystals, 
were the last to consolidate. We consider however that the ore which 
Loewinson-Lcssing admitted to be younger has the same g(mesis as the 
garnet-epidote rock, and this Beck regarded as a true contact ])roduct, a 
view which is strengthened by the occurrence of garnet crystals in the 
cavities of the ore. The'eorrosion of the silicates wendd be caused by 
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Khi 234.—Section of tlic (Jora Bhif^otliil <lej)Osit. Tii. 'IVlieriiiscliew, 


the same mineral solutious as those to which the ore, chiefly to be considered 
as replacing limestone, owes its e.vistence. 

The large opencut workings occupy the summit us well as the western 
slope of the hill. The ore is contaminated by silicates and esjiecially 
by augitc, felsjiar, and chlorite, so that it contains on an average but 55 
per cent of iron, or less than that of Wyssokaia-(5ora. Two classes of mag¬ 
netite are di.stinguished, a so-called rod ore and a blue ore, the latter 
rendered impure by small scales of chlorite. At the outcrop the ore has 
been rendered porous and easy to smelt, by the weathering of the chlorite. 
In depth the blue ore is gradually giving way to red ore. I). J. Mcndele- 
jell gives the following analysis which may be regarded as representative : 
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This ore therefore in regard to the substances present other than iron, 
is of medium quality. Like almost all contact ore it contains little man- 
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ganese but some sulphur. The relatively high percentage of phosphorus 
is however remarkable, since such is not often observed with contact iron 
ores. 

The deposits have been worked since the first half of last century. 
During the second half they produced 15,000-20,000 tons yearly, 
while at the present time the production is 'about 70,000 tons. From 
1813 to 1898, 2-75 million tons altogether were won. The resources in 1890 
were reckoned at 15 million tons and in 1891 by H. Urbanowitsch at 5 
million tons, though they will probably prove to be higher than this latter 
figure.^ 


The Iron Deposit of Maonitnaia Gora 
LITERATURE 

J. Morozewkiz. ‘ Lo Mont Magnitnaia ct ses alentourn,’ M^ni. du Comito Geologiquc, 
Vol. XVIII, No 1; ‘ Die Kisonurzlagorstatton des Magnetbcrgcs iin siidlichon Ural und 
Lhre Genesis,’ Tschermaks min. u. petrogr. Mitt, 1904, XXIII. pp. 113*152 and 225-202 ; 
reviewed, Zeit. f. Krist. u. Min., 1906, XTJI. p. 489. 

The hill Magnitnaia Gora facing the Cos.sack village Magnitnaia, lies 
on the left bank of the Ural River and on the eastern slope of the southern 
Urals ; the, distance from the town of Mias which is the nearest station 
on the Ural railway is about 327 km. This mineral district consists of 
separate hills or short chains, separated by wide valleys. The hill of 
magnetite 611 m. high is the most important point of an independent 
chain about 17 km. long and 1 km. wide. It consists of a higher southern 
portion known as Atatsch, of a northern and principal portion Bezesowaia 
Gora, of an eastern portion Dalnaia Gora, and of a lower southern portion 
which includes Malaia Gora and Usianka. In the eastern portion 
systematic mining is carried on at the Belorczki mines, while in the higher 
southern portion irregular mining only is done. 

The total horizontal extent of the Magnitnaia Gora is about 26 
sq. km. It lies in a wide belt of porphyry and felsite which is bounded to 
the north by granite and syenite, and to the south by porjlbyrite, diorite, 
diabase, and tuff. To the west, though still on the hill itself, a small 
wedge of diabase and diorite penetrates the porphyry and syenite, while 
to the south and east a width of Lower Carboniferous hmestone is similarly 
found within these rocks. The ore on the one hand occurs in porphyry- 
syenite and granite, and on the other in diorite and diabase. Garnet, 
occurring massive as well as in veins or concretions, banded garnet- 
epidote rock, and iron ore, have been formed by the contact effect of the 
intruded eruptive rocks. 

* S. Kusnetzow, ‘ Die Eisenindustrio des Urals,’ TitiU f. prdkt. Qcol., 1898, p. 249. 
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The ore is found over an area about 2 sq. km. in extent and is much 
mixed with barren rock, which particularly at Dalnaia consists of garnet 
rock or kaolinized material. It is chiefly magnetite, which mineral occasion- 



Fid. —CJeolo^noul sketcli of llip iron lU-posits of Majjiiitniua-liora. 

Scale, 1 : 31,500. iMorozewli'/:. 


ally forms large connected masses with surface.s appearing as though they 
had been fused, though this mineral is often found altered to haematite or 
more particularly to martite. The following figures afford an idea of 
the general composition of the ore and of its mineral composition. 

SiOj .... ()-ll per cont. Magnetite 

AI 2 O 3 ^ 1-77 Martite . 

FcjOj . V) . . 74*74 „ Ganiet . 

FeO . 12 04 ,, Kaolin . 

MnO . . Quartz . 

CaO . . . . 2*39 

Loss on ignition . 2*74 „ 

Total . . 99*79 jier cent. Total 

Hsematite and specularite have also been observed intergrown with 
quartz and garnet, though more rarely they of themselves form large masses 
of pure ore with a little quartz, alumina, pyrite, and selenite. The following 
figures illustrate the chemical and mineralogical composition of such ore : 
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SiOj . 

ll-Ofi per cent. ! 

Hcematito . 

85 nor cent. 

AbO,, • • 

0-45 

Quartz . 

10 » 

Fo,(), . . 

8214 

Pyrito . 

3 

FeO . . 

0-57 

Kaolin . 

2 „ 

MnO . . 

0-50 , 


— 

f'ao . 

... ,, 

Total 

100 per cent. 

S . . . 

0 03 „ ' 



Low.s oil ii^nition 

4-35 „ 1 

or. HaMuatite 

■ 07 



(Quartz 

20 



Kaolin . 

13 

Total , 

. 100-00 per cent. > 

Total . 

100-00 per cent. 


Botryoidal ore is the name giveji to the black veins of stala(!titic and 
reniform structure found in weathered argillaceous and granitic rock. 



L_] era (1771 E17 ' M 

KhoIui aii'l Oniiiiti,'. Itrcomposi-d Of 

tiiii iii't-iock. 

Fig. 236.- -llon/idutiil projection through the Dalniiia inr <•. Sfale/l : 1700. 
Txdierm, Min. it. Pei. Mitt. Vol. XXIIT., plate 4. 


It consists of limonite, pyrolusite, and clayey tnaterial, and possesses the 
following chemical and mineralogical comjiosition : 

SiOg . . . per cent. 

AljOj . • . 5-85 „ ! Limonite ... 80 per cent 

FejOg . 74-7.) „ i Pyrolunite ... 10 „ 

Mn^Og ... 7-71 „ j Clay material . . 10 „ 

Lo 88 on ignition . 8-47 ,» i 

Total . 100-69 per;cent. ; Total 100 per cent. 
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Concerning the manganese it is probable that the high content of this 
element in the botryoidal ore is due to the secondary enrichment of the 
very small amount occurring in the bulk of the original ore. These deposits 
have for a long time been regarded as of contact-nietamorphic origin. 
Morozewicz, in his exhaustive treatise, assumed hydro-chemical processes 
resulting in the separation and subseciuent collection of large amounts of 
free iron oxide together with garnet and epidote. 


The Iron Deposit,s of Elba 
MTKRATURE 

G. VON Ka'I’it. ‘ Gcognostisch-nuncralogische Fraj»mente aus Ttalien,’ Zoit. (1 T). 
Gcol. Gos., 18()^5.1808,1870, 18711.- -.1. Coconi. ‘Descr. gcol. dell’ Isola d’ Elba,’ Mem. ('omit. 
Geol. d’ Ttal. I., 1871.—B. Lotti. ‘ Impressioiii gcol. di una brova gita all’ isola d’ Elba,’ 
Boll gcol. Vol. VII., 1876; ‘ Sui (b'positi fe.rriferi dell’ Elba,’ Rasa. Min. V<jI. XIV^, 1901. 
—St. Czyszkowski. Kegiona ferrifcros do Tile d’Elba. Alais, 1882.—E. Hkvkk. Auh 
T oskana. Vienna, 1884.—B. Lotti. Doscriziono geologica dell’ Isola d’ Elba. Mcmorie 
doscrittivo dcUa carta geologica d’ Italia, II., 2, 1880 ; CJcrman resume, Geol. Fdien. Forh. 
XJir, 1801: Zeit. f. prakt. Geol, 1895 ; also, ‘ 1 Giacimonti fcrriferi del Banato e quclli 
deir Elba,’ Boll. Com. Geol. d’ Ital, 1887 —L Dii Launav. ‘ Lo metallog6nie de ritalie,’ 
Gcolog. Kongress zu Mexico, 1906 —A. Fabri. Belazione sulle minierc di fcrro dell’ Isola 
d’ Elba. Carta geol. d’ Ital HI, 1887 —K. Dalmkr. ‘ Die gcologischcn Verhaltnisse der 
Inscl Elba,’ Zcit. f. Naturw. 57, 1884 ; Neues Jahrb. f. Min , 1887, 11.; 1894,1 Further, 
a number of ])a])crs by L. Bucca, B. Lotti, and S. de Stofani in Boll. Soc. Geol d’ Ital. in the 
’nineties. 


The island of Elba, not quite 30 km. long, has an extremely varied geo¬ 
logical construction. Pre-Silurian, Silurian, Permian, Infra-Lias, Lias, 
Eocene, and Quaternary beds, are all represented. These are intruded 
by eruptive rocks represented by granite, - quartz-porpliyry, curite, 
gabbro, diabase, and different serpeiitinous rocks. The general dis¬ 
position of these sediments and eruptives is illustrated in Fig. K8. 

The age of the granite and the other eruptive rocks was formerly 
the subject of much discussion. K. Dalmer and B. Lotti, as far back 
as the ’eighties, concluded that these rocks belonged to the Tertiary 
period, but thjs view was later questioned by others. C. de Stefani for 
instance regarded the granite of Monte Capaime as pre-Tertiary, but tlie 
porphyry as Tertiary, while C. Bucca considered tliat the whole complex 
must be pre-Tertiary. This question must now be considered as having 
been finally settled by the investigations of Lotti, which have provided 
indisputable evidence of the Tertiary age of the granite and of the 
porphyry and gabbro connected with it. More exactly the age is post- 
Eocene. In constructing the following description of these occurrences 
considerable use has been made of the work of Lotti. 

The largest of the iron deposits of Elba are found on the east coast 
of that island, roughly along a north and south line 15 km. in length, which 
VOL. I 2 b 
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approximately coincides with the trend of the hills. The ore consists 
chiefly of iron oxides, specularite, magnetite, and limonite ; and subordin- 
ately of sulphide ores such as pyrite, chalcopyritc, galena, and sphalerite. 
These sulphide ores are probably of the same origin as the sulphide contact- 
metamorphic occurrences at Massa Marittima, Boccheggiano, etc., on the 
mainland opposite, upon which probability the argentiferous galena of 
Rosseto described by Lotti has considerable bearing.' The iron ore is 
invariably accompanied by much massive pyroxene, ilvaite, epidote, and 
garnet. The frequent occurrence of lievritc, or ilvaite as it is called after 
the island of Elba, a hydrous calcium-iron silicate, otherwise so rare, 
is remarkable. 

The deposits are found at different geological horizons, in most cases 




Prp-silur. PfTnuan Tnli.i-lias Iron orp. I’MDXcnc 

liiiiPslonc. liiiir&tmif. and il\ait<‘ 


Fit}. 237.—tliroiigh tlie Filba ilei) 0 .sit,s. Lotti. 


obviously replacing limestoi;e. Tho.se of Calamita, (.'alaginevra, etc., lie 
between mica-schist and finely-crystalline limestone of prevSilurian age ; 
at Rio the pyroxene-ilvaite material is found in beds of similar age, while 
the ore occurs between schistose sandstone and conglomerate of the Permian 
formation, in part filling hollows in the surface and in part ramifying 
through a breccia of Infra-Lias limestone. The dejrosits at Rio-Albano, 
Vigneria, and Calendozio, occur partly in Permian and Rhactic beds and 
partly within argillaceous limestone of the Upper Lias, though they also 
are found to some extent in the Eocene. Near Tcrranera the deposit 
fills a depression in Silurian slates alternating with thiclcnesses of calcareous 
material; while finally, that at Capobianco lies upon mica-schist. 

‘ K. Erniiach, ‘ Dio Untersuohun);cii B. Lottis auf Elba,’ Zeit. f. praH, Oeol,, 1905, 
p. 141 ; ‘ Die ganuformigon Erzlagcrstatton der Gegend von Mas-ia Marittima in Toskana 
au( Grand dcr Lottischen Untcrsuchungon,’ Zeit.f. prakt. Qeol., 1905, p. 200. 
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Although the ore is generally wont to occur more especially in associa¬ 
tion with limestone it also occurs in the slaty rocks in the foot-wall. The 
ore-bodies are occasionally stratified and have the same strike and dip as 
the limestone with which they are associated. The pyroxene-ilvaite rock 
sometimes also exhibits this same stratification, and the beds in which it 
occurs may often be observed to pass over into the limestone or calcareous 
sediments from which they have been formed. In the deposit at Cialamita 
numerous fragments of limestone may be seen scattered through the 
pyroxene-ilvaite mass, yet preserving, both in their internal structure and 
in their outward arrangement, a stratification parallel to that of the 
neighbouring limestone, indicating jjlainly that the pyroxene-ilvaite rock 
had replaced a limestone bed of which the above-mentioned fragments 
were the remains. Such a replacement is illustrated in Figs. 148 and 237. 
Lode-like deposits crossing the country are nowhere to bo observed. 

Upon the island of Elba itself no connection between the ore-deposits 
and the Tertiary granite can be definitely established, though at Calaginevra 
atid Terranera granitic dykes in the neighbourhood of the ore-bodies are 
traversed by veins of pyroxene and magnetite. On the other hand, in the 
case of some of the de{)osits embraced within a wider circle such a connec¬ 
tion is very striking. The ore for example on the neighbouring island of 
Giglio and at Gavorrano in Tuscany lies at the contact Ixitwcen granite and 
different sediinentaries, while at Campigha, on the mainland of Tuscany, 
there are several other (le])osits which, possessing the moat striking resem¬ 
blance to those of Elba, are found in close association with granite, quartz- 
porphyry, trachyte, and masses of pyroxene, ilvaite, and cpidotc. Of the 
several analogous deposits in the Tuscan coastal district, those around 
Massa Marittima have been most completely investigated. In the ca,se of 
these deposits the iron ore, accompanied by the usual silicates, pyroxene, 
cpidote, and garnet, occurs with Khaetic limestone in the foot-wall and 
marl in the hanging-wall. Associated with these occurrences are others 
of metasotnatic origin containing copper- and iron ore, such as are now 
being exploitei^ at Massa Marittima and Boccheggiairo. 

The deposits of Elba exhibit very variable composition. They consist 
cliiefly of specularite, subordinately of hamiatite and limonite, and to a 
small extent of magnetite. In places the lime silicates are absent, as for 
instance at Ilio Albano where however they occur by themselves at Torre 
de Rio in pre-Silurian limestone. At Calamita the three iron ores men¬ 
tioned all occur intergrown with garnet, pyroxene, lievrite, and opal, 
while the presence at Capobianco of limonite containing up to 6 per cent of 
manganese is worthy of remark, more especially since contact-rnetamorphic 
iron ores are usually either entirely without manganese or contain but 
little of it. 
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Just as with the occurrences in the Banat, very different views are 
held relative to the genesis of the deposits of Tuscany, and particularly those 
of Elba. Some authorities and in particular G. von Rath in 1870, J. Cocchi 
in 1871, and E. Reyer in 1884, from the bedded character and apparent 
stratification of the ore and the presence of the ^yroxeno-ilvaite rock, drew 
the conclusion that the deposits were actually sedimentary. Their epige¬ 
netic nature was however already suspected by different Italian geologists 
as far back as the middle of last century, since when it has been indisputably 
established by S. Czyszkowski and B. Lotti, more especially by the latter, 
who in 1887, in a paper especially devoted to the subject, pointed out 
the analogy between the deposits of Elba and those of the Banat, and 
called particular attention to the fact that the deposits of Elba and of 
the neighbouring mainland were everywhere independent of the age of the 
country-rock in which they were found. The ore could neither be contem¬ 
poraneous with the sediments of the hanging-wall nor with those of the 
foot-wall because in places it equally replaced both, although the geological 
ages of the two might be quite different. 

Since ore is even found replacing beds of Eocene age, these deposits 
must be regarded as post-Eocene. Together with the accompanying 
silicates they must have been formed by molecular replacement of the lime¬ 
stone by contact-metasomatis, a procedure which at Calamita is plainly 
observable to have taken place. 

The Etruscans and later the Romans, away back in classic times, 
sought and won iron ore on Elba. From that time mining operations con¬ 
tinued unbroken through the Middle Ages to the present time, though only 
since the middle of last century have they attained any great importance. 
Reliable figures concerning the operations since the eleventh century are 
available. At present the deposits are the property of the Italian Crown. 
The production in the ’forties amounted to about 30,000 tons per year, 
rising in 1850 to 50,000 tons and in 1860 to over 70,000 tons. In the 
’seventies and ’eighties a maximum of more than 200,000 tons was 
reached. The present resources are not very groat. Sinqe 1831 about 7 
nullion tons have been obtained from Elba, while the quantity reckoned 
in 1885 as still to be won was placed at 8 million tons. 

The iron content of the different deposits varies from 50 to 68 per 
cent; the manganese content is low with the exception of the ore at 
Capobianco which contains 6 per cent; there are but traces of phosphorus, 
though often some sulphur and copper. 
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Traversella and Brosso in Piedmont 
LITERATURE 

V. S. A. Bonacossa. Monogr. sullo miniero di Browso. 'J'urin, 11)00.—V. Novauese. 
Boll, del R. Com. gool. Rome, 1901 ; Zeit. f. prakt. Gool., 1902. 

These deposits, famous for their beautifully formed crystals of garnet, 
pyroxene, hornblende, epidote, etc., occur in mica-schist and limestone, 
within the contact aureole of a diorite intrusion. This rock, a biotite- 
amphibole-diorite, with at most 60 per cent of SiO,„ occupies an area 6 km. 
long and 2 km. wide, while the actual intrusion is fairly well established 
to have taken place during the Tertiary period. 

Three classes of deposit are differentiated : firstly, magnetite deposits 
which for years now have not been worked ; secondly, deposits of specu- 
larite and of pyrite, the latter yielding about 25,000 tons of non-cupriferous 
pyrite with 48-49 per cent of sulphur yearly ; and, thirdly, lodes of lesser 
importance. With the first two classes the ore occurs in pockets and 
masses, particularly in the limestone, and the deposits are regarded by 
the authorities who have recently investigated the district as of contact- 
metamorphic origin. 

The deposits of iron ore near Villa-de-Fradcs, in the Boja district of 
the Portuguese province of Alcmtejo, where the original magnetite has been 
changed to martite, the pseudomorph after magnetite, are contact occur¬ 
rences in the neighbourhood of ‘ greenstone.’ They constitute therefore 
one of those infrequent cases where within their contact aureole ^ basic 
eruptive rocks have given rise to a useful ore-deposit. 


Contact-Deposits of the United States 

It is only within the last few years that the attention of American 
geologists has been attracted to the formation of ore by contact-meta- 
morphic processes. Among the deposits of iron ore in the United States 
which belong to this class, those in the Iron Springs district of southern¬ 
most Utah deserve special mention. As described by C. K. Leith and E. 
C. Harder,* in these deposits the ore, accompanied by the usual contact 
minerals often in considerable amount, occurs in the contact aureole of 
andesite intrusions in Carboniferous Limestone, Jurassic, and Cretaceous 
beds. This situation is illustrated in Fig. 238 where the Carboniferous 
Limestone is indicated under the name of Homestake Limestone. 

The same authorities state that genetically similar occurrences of 


^ Worncko, Zeit. f. prakt. (HeoL, 1902. 
2 V.S. Oeol. Surv.. 1908, Bull 338. 
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magnetite in eruptive rock, or in limestone close thereto, arc found in many 
places in western North America, the United States as well as Mexico. 
Among others the following places are mentioned: Durango in Mexico, 
where almost all the iron ore is of this character; San Bernardino County, 
California; Redding Quadrangle, Northern California ; Lyon County, 
Nevada; the Great Basin ; Stevens County, Northern Washington; Texas; 



Faults Iioti Cn'laoroiis Altficil CmIwiiiffwons 

laccolitli. saiidsluiir'. ImicsUmp. limcslijne. 


Fk; '238.- of tlic non ilcposits at (Jianite Mountain, Iron-Springs di.strift. 

Leilli ainl Harder. 


Vancouver and Kainlooks, British Columbia ; Fierro and Chaiuidera Mesa, 
New Mexico ; Taylor Peak, White Pine and Ccbolla district in Pitkin and 
Gunnison Counties, Colorado; and finally at Iron Mountain, Missouri. 

Leith and Harder, on p. 92 of their work, cite man^ references to 
these occurrences, and state definitely that the above li.?t of districts 
where contac.t-dcposits of iron ore are known, is not complete. For 
further information concerning the contact-de])osit8 of North America, 
reference should be made to the previously cited papers of Lindgren, 
Weed, and Barrell. 
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ANNEX 


The occurrences of iron ore in the crystalline schists of Arendal in 
Norway; ami Persberg, Dannemora, etc., in Middle Sweden. 


Arrndai, in Norway 
LITKRATUIIH 

Tii. Kjerulf and T. DAiiLTi. ‘ Dio Eisonerzvorkonininissc l>oi Arendal, Nas und 
Kragerd,’ Nyt. Mag. f. Naturv. XI., 1801 ; in German, Nones^.lahrb. /. Min. Geol. Pal., 
1802 .—J If L VcKiT. ‘ Norges .Jernmalmforekoinstor,’ with resume m German, Nor. 
geol. Unters., 1910, No. 51. 

The fundamental rocks of Arendal on the south-ea.st coast -of Norway 



consist of a number of crystalline members of very variable composition. 
Red foliated granite rich in potassium felspar, and schistose hornblende- 
plagioclase gabbro-rocks j)robably to be regarded a.s foliated gabbros, are 
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widely distributed, while, in addition, grey gneiss and hornblende gneiss, 
both most probably of eruptive origin, are of frequent occurrence. 

In such country and within a field approximately 20 km. long, a con¬ 
siderable number of magnetite deposits occur, the positions of which are 
indicated in Fig. 239. In these the magnetite is associated with augite, 
generally a diopside variety ; garnet, generally andradite ; hornblende, 
epidote, and calcito; to a lesser extent with scapolitc, mica, chlorite, serpen¬ 
tine, and spinel; more rarely with babingtonite, rhodonite, tourmaline, 
datolite, and zeolite, etc.; and now and then with quartz and felspar. 



Horizonfal-SccMon af dep^h of tOO m. 


Fio. 240.—The Klodeherg iiiitie near Aremhil. Opeiiciit workings iiKlirated by 
cro.ss-haleliiiig. Vogt. 


Often, too, in the neighbonrliood of the mines, streaks of calcite with garnet, 
pyroxene, etc., up to several feet in thickness are found. 

These deposits, in their broad lines at least, occur conformably to the 
crystalline schists and in the manner illustrated in Fig. 210, whore lenses 
of magnetite are seen to occur within larger lenses of the pyroxene-garnet 
rock. The length of the ore-bodies is rarely more than 7I>-100 m. The 
width, which at times, as in the deeper levels of the Klodeberg mine, may 
be as much as 12-13 m., is generally but 2-5 m. The dip as a rule is steep, 
while the extension in depth is generally greater than that along the strike. 
Finally, the composition of the ore may be gathered from the analyses in 
the following table; 


[Tablk 
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KlcHleberg. 

Klodebprg. 

Kjeiill. 

BnvafftuO. 

Langsev. 

FejOj .... 

6(i06 


59-94 

83-98 

00-79 

SiOj . . 

10-88 

12-00 

9-75 

7-10 

23 28 

AljOj .... 

2-75 

1-30 

1-71 

2-83 

2-70 

MnO .... 

1-87 

2-04 

2-08 

0-20 

0-78 

CaO . . ; . 

8-:j8 

10-05 , 

12-8!) 

r.-oo 

10 93 

MgO .... 

5-38 

5-35 

7-(H 

1-15 

4 08 

.... 

0-018 

0-049 

0-082 

0 OM) 


s. 

0-020 



0-010 


CO, .... 

2-0<) 


3-io 

... 

0-30 

Total. 

98-05 


98-00 

100-40 

102-92 

Fe .... 

47-83 

47-5 

43-40 

00-80 

44-02 

P. 

0 008 

0-021 

003() 

0-029 



As will be observed, the ore generally contains 42 49 per cent of iron, a 
percentage as high as GO being seldom reached. Phosphorus and alumina 
arc low, being generally 0-020 -0-035 per cent. There is always more CaO 
than MgO, while the alkalies are practically absent, as is also titanic 
acid. The crystals of cpidote, garnet, and augite, from Arcndal, so often 
seen in mineral collections, come from these deposits, though those of 
orthite, euxenitc, gadolinite, etc., on the other hand, are from the granite- 
pegmatite dykes in this same neighbourhood. 

Kjerulf and Dahll in 1861 considered these iron deposits, and indeed 
the Norwegian deposits in general, to be of eruptive origin. According to 
recent investigation by Vogt however the followng factors particularly 
come into consideration. The iron ore and the garnet-pyroxene rock,locally 
known as Shim, occur in various crystalline rocks, sometimes in gneiss 
or hornblende-gneiss, sometimes in the schistose gabbro before mentioned, 
and sometimes even in the foliated granite. The formation of the ore and 
of the skarn minerals is therefore younger than the rocks in which they are 
found, though older than the dykes of granite-pegmatite. The ore and skarn 
are often striped in conformity with the structure of the country-rock. 
Sometimes, asj^or instance in the Torbjornsbo mine, a typical breccia is met 
wherein fragments of skarn are cemented by magnetite. The formation 
of the minerals allied with the magnetite on one side and those with the 
garnet-pyroxene on the other, took place in this instance in successive 
stages. The ore and skarn are therefore certainly epigenetic. Within the 
deposits some layers consist preponderatingly of magnetite ; others almost 
exclusively of kolophonite or garnet, of kokkolitc a variety of augite, 
or preponderatingly of calcite; while others again contain a more equal 
admixture of these different minerals. In the process of formation 
ferrous oxide; some manganese oxide, alumina, and carbonic acid ; 
much lime and magnesia ; and very much silica, etc., have been added, but 
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hardly any alkali. This chemical composition and the frequently observed 
deposition of the chief minerals in separate layers, led to the assump¬ 
tion that the formation depended upon hydro-chemical processes. Since 
however the mineral association and the structure of the ore and skarn 
are identical with those of contact-metamorphism, it is justifiable to draw 
the conclusion that the deposits are either con^act-metamorphic pure and 
simple, or that they are older deposits which have suffered contact-meta- 
morphism subsequent to their original formation which in no case could 
have been sedimentary. Against this latter alternative there is however 
the fact that except in the immediate neighbourhood of the deposit 
the country-rock is not altered by contact-metamorphism. On the, other 
hand the occurrence of the deposits invariably in the near neighbourhood 
of the granite, often, as at Niiskilen and llraastad, actually between foliated 
granite and crystalline schists, when taken in conjunction with the inter- 
bedded occurrence, of the former rock, is a further point in favour of an 
origin by contact-metamorphism. 

From about the year 1 (i'iO to the, late ’seventies the mines at Arendal 
altogether had produced approximately 2 3 million tons of ore. The 
total superficial extent of all the deposits is somo'8000 sq. m., this total 
being distributed over twenty larger and a great number of smaller occur¬ 
rences. Latterly but one or two mines have been working and these 
only on a limited scale. One mine is *23.o m. deep, some arc J.jO ni., and 
many 100 in. The quantity of ore yet remaining for exploitation has 
been estimated to be certainly 1 -25 million tons, jirobably 2-25 million, and 
under favourable conditions perhaps even 3 million tons. 

Altogether there arc on the south-east coast of Norway no less than 
five genetically different occurrences of iron ore in the fundamental rocks, 
namely : (1) iron ore and apatite-iron ore in granite, as at Lyngrot and 
Solberg ; (2) the, occurrences at Arendal; (3) titanium-free bedded and 
brecciated lodes in gabbro at Langi) near Kragero ; (4) metasomatic 
haematite occurrences in impure limestone in the neighbourhood of Skien ; 
and (.5) titaniferous-iron ore in gabbro. 


The Magnetite-Specularite Deposits in the Fundamental 
Rocks op Middle Sweden 

LITERATURE 

The following works, unless otherwise stated, are written in Swedish. 

A. Erdman. Utd Ironfield, V'et-Akad. Ifandl. ytookholin, 1854, pgldi-slied 1856; 
Dalkarlsberg Ironfield, ibid, for 1855-1856, published 1858.—A. Sjoiiren. ‘Occur¬ 
rence and Formation of the Swedish Oro-Oeposits,’ Jernk. Ann., 1859 ; several articles in 
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Geol. Forcn. Forh. as in II., 1874, etc.—O. Gumalius. ‘ The Seniority of Ore-Beds and 
their Application as Indices of Ago,’ Ofers. Vet. Akad. Forh., 1875, and Sciiwod. geol. 
Untors., Sor. 1873, No. 13.—A. K. Tornkbohm. ‘ Description of Norberg ’ with geo¬ 
logical map, (}col. Foren. Forh. II., 1875; concerning Persberg, Schwed. geol. I’nters., 
Sor. C, 1875, No. 14; concerning Dannemora, separately published, Stockholm, 1878; 

‘ Geological map of Middle Sweden in .several sheets,’ and ‘ Review of the Anck'iit Forma¬ 
tion of Middle Sweden,’ Geol. Foren. Forh. VI., 1883.—B. Santessok. ‘ Description 
of the Mines in Oerebro Ban,’ wiih nuiiierous ina])s and stM-tions, Schwed. geol. IJnters , Ser. 
Bb, 3 and 4, 1883, 1889.—W. Peteiihson. ‘ Description of Nordmarken’ with geological 
map, Schwed. geol. IJnters. Sor. 189(1, No. 102; ‘Geological Atlas of the Norberg 
Mines,’ Schwed. geol. Upt<‘rs., Ser. Bb, No. O.- H.t. SjCkjren. ‘ Gom[>ari.son between 
the Ore-Dcjwsits of Moravicza, etc., in the Banal and the Swedisli Deposits,’ Geol. Foren. 
Forh., VII., 188.5; in German, .Tahrb. k. k. geol, Heiehsanst. XXXVI., 1880; ‘The 
Genesis of the Swedish Iron Ore-Beds,’ Geol. Foren. Forh. XIII., 1801; ‘Comparison 
between the Iron Ore-Bed.s of Sweden an<l those of th(‘ United States in relation to genesis,’ 
ibid. XV., 1893; ‘The genesis of the Swedish Iron Ores,’ ibid. XV'IIT., 1900; XXX., 
1008; ‘The Iron Ores in Granite in the Lofoten, and the j)arallel structure of banded 
“ Torrstenar,” ’ ibhl. XXX., 1008; several papers in Wermliindska Bergsmannaforeningens 
Annalen, (‘sp<‘cially in 1003; in English, Amer. Inst. Min. Eng. Toronto Meeting, 1007, 
XXXVITI., ])p. 877-040 ; Report of the Itnt. Ass. Leicester Meetini:, 1907, Sec. U, ])p. 1-14. 
—H. V. 'I’lBEKiJ. Papers in Bergsmannaforeningens Annalen of recent years.—H. .loUANS- 
SON ‘Lecture upon Grangosberg,’ Geol. Foren. Forh. XXVI., 1904; ‘The Manner of 
Formation of the Middle Swedish Iron Ores,’ ibid. XXVIII., 1900 ; XXIX., 1907 ; XXX., 
1908. --R. Beck. ZiOt. f. ]irakt. Geol., 1899, pp. I-IO; ‘ Diseu.ssion U])on the Formation of 
Iron Ore ’ at the May meeting, Geol. Foren. Forh. X X VI11., 1900. The geology of the iron 
ores of Middle Sweden is often diseussed in tlu! papers dealing with Norrbott(*n, cited on p. 
209.—H. L. V'ooT. Siilten iinil Kanen, 1891 ; IhiiKlerlancl IronOeld, 1894; ])apor cited 
later in the .section upon the ferruginous mica-schists of Northern Norway.- -G. Nobdkn- 
STRoM. ‘The Iron Besoiirces of Sweden,’ Jernkontorc'ls Annalen. 1893; ibid., 1898, 
1899 ; L’liidustrio minicri^ do la Suede eii 1897 ; and Catalogue of tlu' Alining J'lxhibition 
of Midille Sweden, both Stockholm, 1897. The work, ‘The Iron Deposits of tlu*. 
World,’ of the International Geological Congress in Stockholm, 1910 had not apjicarcd 
when these pages wimt to ])ress, tfiough by favour of the isliturial staff proofs of lh(5 artiele 
on the .Muhilc Swedish occurronees were received and iiserl. 


The long-famous iron ore deposits of Middle Sweden, of which 
the most important indicated in Fig. 211 liave been working 
since about the year 1300, occur with few exceptions in the \ipper, 
though according to Swedish opinion not in the uppermost portion of 
the, fundamental rocks. In that upper portion compact gneisses, vari¬ 
ously described by Swedish geologists as hiillcilinta or hiillcflinta-gneiss 
and granulite.or enrite, are widely di.st.ributed. 'I’hough these rocks have 
been more or less altered by regional metamorpbism so that the original 
facies is now often difficult to recognize, many Swedish geologists never¬ 
theless are agreed that in greater part tliey represent Archa)an suj)er- 
, crustal formations. Outpourings of quartz-porphyry with their attendant 
tuft's played also in their time an important part, though all have since 
become so foliated and altered that by some they may be considered 
originally to have been ordinary sediments, while others may regard 
them as altered plutonic rocks of granitic composition. Limestone and 
dolomite which in places, as at Dannemora, Fersberg, Langban, and Sala, 
form very considerable beds, are often present. In addition, extensive 
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areas are found where, though the rock occurs more or less foliated, a 
granitic character may still be unmistakably recognized. Finally, basic 
eruptive masses occur here and there. 



jV, Nordiiiaikpii; r, ViKcr; till', Stripa ; ff, II.'ikDnshod.n ; .i", Siaitvik; SI, -il.dl'vra ■ 11, T!,|(irnbot8ot; 
Rl, llyllshytari; Rh, K.illiiigabprg; A'j/, N'yang; 7^, Itaiiil'aH , - , '■i.'Mik.i. 


According to the views of some Swedish geologists, the granulites 
etc., are not to be regarded as having consolidated at the surface but in 
depth, subseqiiently to which they were greatly altered. 

The ore-deposits are in greater part steeply-inclined, and almost always 
conformable to the country-rock, while the ore itself is often banded. In 
the majority of cases this latter is almost exclusively magnetite ; in some 
cases specularite preponderates and magnetite is unimportant; while in 
others both minerals may be well represented. Limonite and siderite are 
absent and all the ores here occurring are without titanium. Mineralogi- 
cally and chemically therefore, as well as in regard to geological position, 
extreme members of these occurrences may be differentiated, these being 
represented by Grangesberg on the one side and Dannemora on the 
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other. The occurrences may accordingly be divided into the following 
groups: 

,1. Apatite-iron ore : Uriingesberg. 

2. Torrsfen or lean ore : Striberg. 

3. (a) Ore carryit\g hornblende, augite, garnet, etc. : Dalkarlsberg, 

Nordmarken, Taberg in Wermland, Persberg. 

(b) Ore carrying the above minerals together with calcite: 
Dannemora. 

4. Manganese ore, chiefly haussmannite : Langban. 


Apatite-iron ore and other rich iron ores are fou)\d at Oriingesberg, 
the most important mining field in Middle Sweden. In this field, which is 
about 4 km. long and 0-5 km. wide, the .strike of the orc-bodie.s, as indicated 
in Fig. 15f), i.s fairly regular and the dip, which is about 6.5°, equally so. The 
_ country-rock in the immediate neighbourhood of 

i rr consists of grey biotite-grannlite with 

-Wpiliy interbedded occurrences of amphibolite, though 
i ‘ ‘ ‘ ‘‘ foliated granite occurs only a hundred or so 

Fk!. 212 .—Swtion of tiie jjieti-eg distant from the • hanging-wall of the, 

mam bed at Ciiunj'i'sluTj'. . . . , . o 

Vogt., Geo/. Fo/en. F'»h. principal dcposit. 

1S94, p. 289. ore-bodies themselves are lenticular 

masses of very variable width. The length of 
the largest among them is about 1000 m., along 
which length there are two bulges where the 
wmaKn'e”;:'’''"""''" widtii is respectively 90 m. and 110 m. Within 

that width, as indicated in Fig. 242, there are 
alternating layers of magnetite and spccularite, the former pre¬ 
dominating, as well as some quartz, hornblende, etc., and a good deal 
of apatite. The ore is crossed by numerous dykes of granite-pegmatite 
which for a foot or more on cither side have altered the spccularite 
to magnetite. The ore of the main deposit carries on an average 62 
per cent of iron and 1 per cent of phosphorus which is, equivalent to 
.5-5 per cent of apatite. At Ormberget and Lomb^rget tUe phosphorus 
content is much lower. The whole occurrence mineralogically, chemically, 
and geologically, is remarkably similar to that of Ocllivare. 

The so-called Torrslen or lean ore found at Striberg and in several 
mines at Norberg, consists of an intimate mixture of spccularite and to a 
less extent of magnetite, with quartz and various silicates. That at Striberg 
greatly resembles the (piartz-banded ore of Sydvaranger in Norway, so 
much so that Fig. 183 might well be taken to represent it; there is how¬ 


ever the important difference that the Swedish ore, containing 60-53 per 
cent of iron, is materially richer. The amount of sulphur present is low, and 
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the phosphorus in some mines is but O-Ol per cent. Though this latter 
figure is in places exceeded it is rarely more than ()-04 per cent. The 
amount of manganese present i.s invariably minimal. The deposits of 
ore of this class are mostly immediately embeddial in halleflinta or hiille- 
flinta-gneiss. 

The ore carrying hornblende, augite, garnet, etc., and in some 
cases much calcite, and the manganese ore, differ geologically from the 
apatite and lean ores mentioned above in so far that they occur almost 
invariably in close connection with limestone or to a less extent with dolo¬ 
mite, being found either actually within those rocks or in close proximity to 
them. That of Dannemora, for instance, as indicated in Fig. 244, actually 
occurs in limestone as do also those of Klackberg and Kolningborg, near 
Norberg,illustrated in Fig. 24.^); that of the principal (K'currenc.e at Persberg 


Long Sechon Cross Seetjon 



partly, as indicated in Fig. 24(i; and in addition the Tlag, Skiitt, Iltigborn, 
Holm, Viker, Svartvik, Stiillberg, and other mines. The situation of the 
last-named occurrence is indicated in Fig. 247. 

It is just these occurrenccswhich are characterized by the large develop¬ 
ment of skai4i, this rock generally consisting of a schi.stose comj)lex 
of hornblende, augite, garnet, epiilote, chlorite, tale, serpentine, etc., often 
with calcite and sometimes with (juartz. The .skarn hero, similarly to its 
occurrence at Arendal in Norway ilhustrated in Fig. 240, often forms lenses 
of considerable, dimension within wliich again the lenticular or irregular 
ore-bodies occur. 

The ore of these deposits is chiefly magnetite and but seldom specu- 
laritc. It occurs mixed with the skarn minerals with which sometimes 
there is a good deal of calcite in addition. The iron content is usually 
about 50 per cent; that of manganese is sometimes high, as for instance at 




Fig. 245,—Map of Klackberg-Kolningberg. W. Peterssoii. 
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fences often less than 0-01 per cent. That of sulphur on the other hand is 
sometimes somewhat high. 



Flo. 246. ' Map of the pimcipal ]i()rtion of the Pcr^berg field ; ore and workings 
indicated black. Tornebohm. 


0 so too 2m ,-m ^ spom. 



Fia. 247.—Map of the Stallberg field ; showing iron deposits in limestone lenses. Santessoii. 


Similarly to the Arendal ores, those of Nordmarken, Persberg, Danne- 
mora, etc., are distinguished by the presence of mixed silicates which 
generally carry a good deal of lime and magnesia though relatively little 
VOL. I 2 c 
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alumina. The lime often exceeds the magnesia though at times theopposite 
is the case. The alkalies are almost completely absent. 

The ore-bodies are lenticular, sometimes indeed almost columnar, so 
that the length along the strike is but a low multiple of the width. The 
largest body at Dannemora has a length of 240 m. and a maximum width of 
30 m. In the majority of cases however the length is less and often 
below 100 m., while the width is usually not more than 10 m., and often only 



Fig. 248.—Longitudinal section of three ore-hodies in limestone following one after the other 
along the strike. Svartvik. Santesson. ^ 

2-5 m. With some exceptions the extension in depth is generally con¬ 
siderably greater than that along the strike, a dimensional relation 
illustrated in Figs. 243 and 248. Many mines with a length of 100 m. or 
less are now working at depths of 200-300 m., while two mines, Taberg in 
Wermland and Dalkarlsberg, have reached 350 m. with no perceptible 
diminution in horizontal dimension. On the other hand many deposits, 
and especially the smaller ones, have given out at comparatively 
shallow depths. Not infrequently the deposits pitch into the country, 
that is the extension in depth does not coincide with the dip but makes 
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an angle with it. Another feature of their occurrence is that they often 
follow one another at short distances along the strike, as illustrated in Figs. 
245 and 247, though this arrangement may be varied by one in parallel 
steps seen also in Fig. 247. Whether this appearance is primary or due 
to subsequent folding, is not possible of decision by direct observation. 




Oolofnitt Oranuhte Qf’anulitt Hofr^o g^n/ta 

aUler youngar 


ra 

Gr^fota 0'0^'te O'abaae Iren t LeadS//tvr 

youfig,grgy. fma-graina^ Copper 


Fi({. 249.—Geological map of the lianghaii district; scale, 1 :50,000. 


The strike is often in good line though occasionally, as illustrated in 
Figs. 21, 70, 71, and 72, it is curved or even jagged. Irregularity of strike, 
as illustrated in Fig. 246, also occurs. On either wall, or on both, the ore- 
bodies often occur with false walls which in general are probably rightly 
regarded as planes of movement, and therefore of tectonic origin. When 
exploring underground, such walls, especially if they are wet, are considered 
favourable indications of the presence of a new ore-body. 

The manganese occurrences at Langban in Wermland and at the five 
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neighbouring places Pajsberg, Harstigen, Jakobsberg near Nordmarken, 
Kittelen at Nordmarken, and Sioggrafvan,are peculiar, and mineralogically 
of the greatest interest. The Langban mine, which occurs within a large 
area of dolomite, contains speeularitc in large flat lenses and manganese 
ore in lenticular or clump-like masses. The ptoduction of these two ores 



which are mined separately, has been latterly about 7000 tons of the former 
with 50-60 per cent of iron and but 1 per cent of manganese, and about 3000 
tons of the latter with 30-40 per cent of manganese and but 1 per cent of 
iron. The occurrence at Kittelen in the Nordmarken mine was that of a 
clump-like body of manganese ore, of dimensions not exceeding a few metres 
in any direction, in the immediate neighbourhood of the iron ore. The 
other four occurrences are only of mineralogical interest. 
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The manganese deposits of Langban, consisting chiefly of haussman- 
nite with some brannite, as well as that found in the iron mine of Nord- 
marken,' are in regard to the variety of minerals found in them among 
the most prolific and interesting in the world. According to a collection 
made at our request a few years ago by Professor A. Hatnbcrg of Upsala, 
the presence of at least 120 independent minerals has been established, 
including 4S which so far are limited to these particular deposits. Next 
after these in the abundance of minerals presented, come the oc(;urrence3 
at Monte Somma, Vesuvius, and those in the district of Langesundfjord in 
Norway, each with some 80 different minerals. 

In the above-mentioned manganese deposits many and various com¬ 
pounds of manganese, lead, barium, arsenic, and antimony, arc found, 
such for instance as maiiganosite, MnO and periclase MgO ; jacobsite, 
rhodochrosite, and rhodonite ; schefferite or mangancse-augite ; tejihroite 
or manganese-olivine ; manganese-vesuvianite and manganese-epidote ; 
•manganophyllite and trimerite ; pyrophanite, MnTiOj, etc. ; metallic 
lead ; the five, lead siheates, barysilite, ganomalite, hyalotekite, kentrolite, 
melanotekite ; in addition, celsian or barium felspar ; langbanite, a man¬ 
ganese-iron-antimony silicate ; and numerous arsenates, etc. Nordmarken 
among other things is famous for its diopside crystals. 

The deposit.s of Middle Sweden just described, present great difficulty 
in the matter of their genesis, more particularly as in many cases the original 
nature of the country-rock cannot be determined. The older Swedish 
geologists and mining engineers, including Erdmann, Gumiilius, Norden- 
striim, A. Sjogren, and Toruebohm, regarded the occurrences as sediments, 
a view endorsed by ITj. Sjiigren in 188.5, 1886, and 1891, and by Vogt 
at the commencement and in the middle of the ’nineties, while to-day it 
has still a number of adherents. The arguments put forward were the 
conformity with the country-rock, the striping and banding of the ore, and 
the limitation of certain ores to particular geological horizons. 

In 1893 Hj. Sjogren, altering his view, endeavoured to explain these 
occurrences as the result of metasomatic processes. He and Tiberg, the 
latter particularly, were of opinion that they were deposits from descending 
aqueous solutions rich in iron. In view of the fact however that a whole 
number of these occurrences arc crossed by dykes of trap and of granite- 
pegmatite, the latter certainly of Archaean age, the ore formation must 
equally be of Archaean age. Of late years Hj. Sjogren has strongly advocated 
the view of a later and intensive alteration of the deposits and according 
to him two principal factors have to be considered, the primary origin and 
the secondary alteration. 

The older Swedish school, as well as Johans.son and Hj. Sjogren, 
have latterly sought to explain the whole of these occurrences by one 
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method of formation applicable, in its chief features at least, to all. The 
old school in this endeavour assumed original sedimentation, Johannson 
magmatic differentiation, while the view of Hj. Sjogren may be gathered 
from the following quotation 1‘That one manner of formation . . .• is . . . 
magmatic-aqueous fusion which on the one hand may pass over to become 
ordinary solution and on the other to become ifiagmatic difEerentiation.’ 

The formation of such varied occurrences, as for instance those of 
Griingesberg, Striberg, and Persberg-Dannemora, by one single process, 
appears however very doubtful. Vogt calls particular attention to the 
fact that in the fundamental rocks of that district in Norway which includes 
Arendal, Kragero, and Ulefos, a district much less extensive than that 
now being considered, no less than five genetically-different classes of iron 
deposits occur, among which four are titanium-free (see p. 378). A similarly 
varied genesis is probably the case with these deposits of Middle Sweden. 
The apatite-iron ore of Griingesberg shows a remarkable similarity to 
that of Gellivare and Uke it probably arose by magmatic differentiation. 
Then there are other occurrences in Middle Sweden which may be compared 
with the Solberg-Smorten type of Norway. As pointed out by Vogt ^ and 
later amplified by Hj. Sjogren, the Torrsten or lea.n ore of the Striberg 
type, occurring in granulite and orthogneiss, is structurally almost identical 
with the quartz-banded ore found at Sydvarangar in northern Norway. 
It is therefore possible that the lean ore of Sweden was also formed by 
magmatic differentiation. In any case between the apatite-iron ore and 
the lean ore several intermediate stages arc found. 

The remaining class of deposit, that typically developed at Persberg 
and Dannemora and characterized by fluctuating amounts of augite, horn¬ 
blende, garnet, etc., and sometimes of calcite, must, with the manganese 
deposits, be considered apart from the others. The occurrence of such 
deposits of iron and manganese in one and the same mine, at Langban and 
again at Nordmarken, indicates that the two occurrences must be considered 
together. These deposits in their form of extended lenses amounting 
almost to columns, are morphologically widely different from sediments 
even when such have been mechanically deformed. At Lankan the dolo¬ 
mite in the neighbourhood of the mine is traversed by a number of veins of 
iron as well as of manganese ore running at right angles to the main 
deposit,® proving moat convincingly that the ore there is epigenetic.* The 
deposits of the Persberg-Dannemora type are also occasionally crossed by 
dykes of granite-pegmatite and trap of Archeean age, to which age therefore 
their formation also must be relegated. 

^ Qeol. Foren. Fork. XXX., 1908, p. 162. 

Zeit. f. prakt. Qeol., 1907, p. 88. 

* See photographs by B. Tiborg, Wermldndska Amuilen, 1903, Pt II., Plate I. 

/ Vogt, Zeit. f. prakt. Qeol., 1900, p. 371. 
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In relation to the minerals present these occurrences are identical 
with the contact iron deposits. Ilj. Sjogren in the ’eighties drew a parallel 
between Persberg on the one side and Vasko, etc., in the Banat on the other, 
while Tornebohm i compared Persberg, etc., with Pitkaranta. In making 
these comparisons both these authorities proceeded from the idea that the 
Persberg occurrence was sedimentary, an origin which they then sought 
to apply to the Banat and to Pitkaranta respectively. Since however 
the deposits at the two latter places are now acknowledged to be contact- 
metamorphic or contact-metasomatic deposits, the similarity thus estab¬ 
lished with that of Persberg strengthens the view that the Pcrsberg-Danne- 
mora deposits are equally of similar genesis. The geological position of 
these deposits, characterized as it is by association with limestone or dolo¬ 
mite, is strikingly similar to that of deposits freely acknowledged to be 
contact-nietamorphic. The same similarity is seen in the shape of the ore- 
bodies and in their frequent limitation by movement- or crush-planes. 
For ages Persberg has been particularly compared with Arendal, the Archaean 
deposits of which latter place Vogt considers almost certainly to be of 
contact-metamorphic origin, an origin which by analogy he considers may 
be applied to the equally Archaean Persberg occurrences. This view of 
their genesis is however only of an hypothetical character. With the 
deposits of Middle Sweden there remain so many unsolved questions, one in 
particular being that of the origin of the country-rock, that the question 
of the genesis of the ore-deposits themselves must bo handled with the 
greatest caution. 

Economics. The total production of iron ore from Sweden according 
to H. Sundholra * amounts altogether to about 113 million tons distributed 
as follows over the differetit periods : 

1301-1700 - 400 years some 11-8 million tons. 

1701-1800 . 100 „ „ irv7 „ 


1801-1832 

32 ,. 

.. 7-7 „ 


ISIB-IS.OT 

2.7 ., 

„ «'9 „ 


18.58 1877 - 

20 ,. 

,. 10 5 ,. 


1878-1897 - 

20 „ 

,. 22-9 ., 


1898-1908 . 

11 „ 

,. 39-2 „ 



Approximate total . . 113’0 million tons. 


From Norrbotten up to the end of 1908, as mentioned on p. 275, about 
23-3 million tons were shipped. The export from Orangesberg from 1882 
to 1908 amounted to 8-9 million tons ; from other mines in Middle Sweden 
somewhat more than 1 million tons were latterly shipped to Germany, etc., 
while since 1809 about 1 million tons have been sent to Finland making 
altogether in round figures about 33 million tons shipped. In the country 

‘ Oeol. Foren. Fork XIII., 1891. 

* Berghandkeringem V'dnner, Orebro, 1909, 
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itself till the end of 1908, 79-80 million tons had been smelted, of which 
about 0-9 million tons came from Taberg in Smaland while the remainder 
came from the deposits of Middle Sweden just described, the total pro¬ 
duction of which to the end of 1908 amounted to about 89-90 million tons. 

The Swedish production of iron ore and pig-iron is as follows : 



Iron Ore. 


Metric Tons. 

'I'otnl. 

Proportion from 
Middle Hweden. 

Pifi'Iron. 

1871 

662,.';00 

about 660,000 

298,800 

1881 

82(),100 

„ 820,000 

430,000 

1891 

987.400 

„ 960,000 

490,900 

11)01 

2,795,200 

„ 1,700,000 

528,400 

1907 

4,480,100 

„ 1,8,11,710 

567,800 

li)08 

4,712,500, 

„ 1,884,450 

556,345 


With few exceptions the Swedish blast-furnaces use charcoal only in 
smelting and produce an iron famous for its low sulphur and phosphorus 
content. 

The tonnages of iron ore produced by the mJost important mining- 
fields in 1908 were as follows : 


Norrbotlen. 


Tons 


Kiirunavaara-Luossavaara 

1,649,850 

Tuollavaara .... 

78,730 

Gellivaro ..... 

869,010 

Koskulls Kulle 

195,855 

Middle Sweden. 

Grangegberg, with Lombergl 

'Polls. 

715,210 

Blotberg jhigh P-contont 

129,840 

Idkorbcrg j 

59,120 

Norberg, with eleveh separate mines 

145,540 

Dannemora, several mines 

46,240 

Strossa „ „ . , 

44,790 

Stripa „ . . 

37,660 

Skottgrufvc „ . . 

36,230 

Stallberg „ „ . . 

35,900 

Dalkarlsbcrg „ . . 

33,870 

Striberg „ . . 

30,190 

Persberg „ „ . . 

29,730 

Herrang „ „ . . 

26,300 


In addition to those above-mentioned, twelve smaller mining fields 
each produce annually 10,000-20,000 tons, while many still smaller are 
in operation. Putting all together, the total number of mines working 
in Middle Sweden during the year 1908 was no less than 277. 

Of the total iron ore produced in Sweden the greater part, latterly 
about three-quarters, is derived from the apatite-iron mines, the remaining 
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quarter being fairly equally distributed between the lean ore and the 
skarn ore. 

At many of the mines in Middle Sweden the poorer ore, separated by 
hand from the richer, is afterwards concentrated, this being accomplished 
almost entirely by wet-magnetic processes. In the year 1908, 23 equip¬ 
ments operating this process were at work by which during that year 
585,000 tons were treated, producing 262,620 tons of concentrate, 156,590 
tons of which were briquetted. Apart from the apatite-iron ore, the hand- 
sorted ore generally contains 50 -60 per cent of iron, or about 53 per 
cent on an average, while that won by magnetic separation contains about 
60 per cent. 

With regard to the depth of these Swedish occurrences, the Ormberg 
mine near Grangesberg is 470 m. deep ; three mines in Wermland, namely 
Asboberg, Dalkarlsberg, and Taberg are approximately 350 m.; about 
eight are between 250 m. and 350 m. ; many between 200 m. and 2.50 m.; 
and a very considerable number between 150 m. and 200 m. 

With regard to extent, the different fields may be compared by the 
total horizontal area of the ore-bodies contained in each, a comparison 
already adopted on p. 274 for the occurrences at Norrbotten. For Middle 
Sweden, Nordenstrom in 1899 reckoned the total superficies of the many 
mines at 298,500 sq. m., in which figure the titaniferous occurrence at 
Taberg in Smaland is not included. The following are some of the 
individual figures : 


sq. m. 

,, , / total .... 90,000 

^ranposberg ^ principal body . . 40,000 

Norborg, many separate mines . . 30,000 

Dannomora, several mines . . . 12,600 

Striberg ..... 7,000 

iStripa . ^ . . . . 0,700 

Persberg ..... 4,285 

Strossa.3,200 

Fininnsson ..... 2,900 

Skottgrufve, several mines . . . 2,780 

Klacka-Lerberg . . . . 2,100 

Stallbcrg.1,580 

„ 8vartvik ..... 792 

Nordinarkcn ..... 1,240 

Taberg in Wermland .... 940 


F. K. Tegengren ^ divided the resources of Middle Sweden into (a) 
ore with less than O-Ol per cent phosphorus ; (6) ore with 0'01-0'()6 per 
cent; (c) ore with more than 0-06 per cent, including the principal body 
at Grangesberg which has about 1 per cent. He further differentiated 
between cobble ore, raw ore, and concentrate, as in the following table : 

* The Tron-Ore Deposits of the World, Stockholm, 1910. 
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Iron Ore op Middle and Southern Sweden 


Phosphorus Content. 

Cobble Ore. 

Raw Ore. 

I Concentrate 
therelroin. 

Cobble Ore + 
Concentrate. 

Under 0-01 per cent . 

19-4 

45-6 . 

28-0 

1 47-4 

0 01-0 06 per cent . 

11-5 

61 

2-9 

14-4 

0'06 per cent and above . 

.593 

2-0 1 

1-2 

60-5 

Totals, in million tons . 

90-2 1 

53-6 

.32-1 

122-3 


In addition there may be reckoned to be a further reserve of 40-0 
million tons of smelting ore, and at Taberg in Smaland another 50 million 
tons of titaniferous-iron ore from which about 15 million tons of concentrate 
may be obtained. The remaining resources of Dannemora and Persberg 
are about 6 million and 1 -3 million tons of cobble ore respectively. 


Zinc-Manganese Deposits of Feanklin Furnace and 
Stirling Hill, New Jersey 

c 

LITERATURE 

F, L. Nason. ‘ The Franklinite Deposits of Mine Hill,’ Trans. Amor. Inst. Min. Eng. 
XXIV. p. 121.—P. fjROTH. ‘Die Zinkerzlagerstatten von New Jensey/ Zeit. f. prakt. 
Oeol., 1894, p. 230.—.1. E. Wolkf. ‘ Zinc and Manganese Deposits of Franklin Furnace,’ 
Bull. 21.3, U.S. Gcol. Survey, 1903.—d. F. Kkmp. The Ore Deposits of the United States. 
New York, 190.5, p. 231. — 0. Stutzer. * Die Zinke/zlagcrstatto von Franklin Furnace 
in New Jersey,’ B. u. H. Rundschau, No. 19, Kattowitz, 1908. 


These deposits bear great resemblance to those which have just been 
described and especially to that of Langban. They are associated with 
an occurrence of crystalline limestone stretching from Orange Co., New 
York, across the north-western portion of New Jersey. This rock, in 
accordance with previous investigation by H. D. Rogers, was formerly 
regarded as Lower-Silurian, but according to the more recent surveys 
and fossil discoveries of F". L. Nason * it is more probably Cumbrian. It 
lies upon gneiss and with this rock is intruded by granitic dykes to which 
both the metamorphism of the limestone and the formation of the ore 
are ascribed. The correctness of this interpretation of the genesis is 
however somewhat questionable. 

The deposits at Mine Hill, near Franklin Furnace, and, two miles 
farther south, that of Stirling Hill, near Ogdenburg, are well known. At 
Mine Hill, magnetite occurs in the hmestone in the immediate neighbour¬ 
hood of the contact of this rock with gneiss, while the zinc or zinc- 
' Geology of New Jersey, 1890, Vol. XIV. 
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manganese occurrences are found at somewhat greater distances from 
the contact. The deposit at Stirling Hill probably occurs at a somewhat 
liigher horizon in the limestone. This rock in the neighbourhood 
of the ore is crystalline and contains crystals of graphite and pyrite 
such as are not found in the ore itself. The form of the ore-bed 
at Franklin Furnace ma^ be seen from Fig. 2,51. It dips 40°- 
60° and varies in thickness between 7 and 37 in. though on an 
average it hardly exceeds 9 m. Among the ores, frankhnite with 
5-54 per cent of zinc and 7-5 per cent of manganese plays a large part; 
occasionally the zinc content of this mineral is considerably higher. In 



Diakiso Ore-body CrysUlliiie Ore. Gneis'i, 

dyke. in section, hme-stone. 

Fiu. 2 d 1.—Plan ainl section of the deposit at Franhlin Furnace, N.J. Na.soii. 


addition, willemite with 58-5 per cent of zinc and zincite with 80-3 per cent, 
are found. The amount of manganese contained in the limestone is re¬ 
markable, reaching according to investigation by F. C. van Dyck as much 
as 16-57 per cfent. In places, hornblende, augite, plagioclase, and different 
silicates accompany the ore, and now and then fluorite, rlipdonite, axinite, 
sphalerite, chloanthite, etc. The occasional appearance of jeffersonite 
the zinc-manganese pyroxene, of tephroite the manganese-olivine (Mn, 
Mg).,SiO^, and of ropperite the manganese-zinc-olivine, is particularly 
interesting. 

On an average the ore contains 11-06 per cent MnO, and 29-35 per 
cent ZnO, so that the deposits are equally those of zinc and manganese. 
The present yearly production is above 400,000 tons containing approxi¬ 
mately 20 per cent of zinc. From this the zinc is first won leaving a residue 
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which contains about 12 per cent of manganese. The occurrence of man¬ 
ganese in this connection is so considerable as to influence the manganese 
production of the United States. To it the high outputs of manganese ore 
of earlier years in that country were due, such figures then not taking into 
account the low manganese content of the ore. The exemplary statistics 
now presented by The Mineral Iniuslnj haf'e however since removed 
this reproach. 


t’ONTAf^T-DEPOSTTS CONTAINING CHIEFLY SULPHIDE 
ORES OF COPPER, LEAD, ETC. 

The Coju’er Deposits of Arizona 
LITERATURK 

W. Lindoren. ‘'i’hc Copper Deposits of the Clifton-Morenci District, Arizona.,’ 
U.S. Geol. Surv. Prof. Paper 43, 1905; Trans. Amor. Inst. Min. Eng., 1904; reviewed 
Zoit. f. prakt. Geol., 1906, p. 81. 

In describing the important copper district of Clifton-Morenci, the 
second most important in Arizona, the works of Lindgren are followed. The 
oldest rocks in this district are pre-Cambrian granite and quartzitic schist, 
above which follows a sequence of Cambrian, Silurian, Devonian perhaps, 
Lower-Carboniferous, and Cretaceous beds. All of these are intruded by 
a number of eruptive rocks among which granite and quartz-monzonite, in 
part porphyritically developed, are most frequently represented. These 
are of late Cretaceous or of early Tertiary age. Younger than these again 
come lava-flows of basalt, rhyolite, and some of andesite, but these do not 
appear to have had any bearing upon the ore formation. 

Where the granite and quartz-monzonite porphyries cross the Palsoozoic 
limestones and slates they effect an intense metamorphism which is 
expressed in the formation of garnet, epidote, etc., while within the contact 
aureole itself, extending to a maximum distance of about 660 m. from the 
eruptive rock, important deposits of magnetite occur on th^ one side and 
sulphide deposits of copper and zinc on the other, the geological position 
of which is shown in Fig. 252. Since with increasing distance from the 
eruptive rock no further deposits are found, the conclusion may be drawn, 
as it was by Lindgren, that the material necessary for the formation of 
these deposits, within the inner ring, was suppUed by the intrusion. 

The ores occurring in the contact aureole, and especially in the garnet- 
iferous material resulting from the alteration of the limestone, are chiefly 
magnetite, pyrite, chalcopyrite, and sphalerite. The beds in which 
these are found are often porous. In addition a large number of lodes 



CONTACT-DEPOSITS 


397 


occur which, cutting equally the porphyry, granite, and sediments, contain 
in depth pyrite and chalcopyrite but have no content of sphalerite and 
magnetite. In the upper levels the Arizona copper deposits in general 
are intensely weathered with the formation of malachite, azuritc, cuprite, 
chrysocolla, hemimorphite, willemite, etc. 

The economically most important of these copper deposits at the 



Adits. Shafts. Faults. QimiL/-riioii- (jiala-ozoip) 

/onito iK>ri)li>iy. Limc.stonp ohu-Hy. Much K.unut, etc. Quartzite. 



Cri'taci-ous, ('athotiireruus, Detoiiian. Silurfati f'amhrianV 

puiid'itone, etc. liniestcme, etc. Iiiuostotui, elc. qiinitzite.^ 


Fin. 2r»2.—(icological map ot the Morenci tlistnd, Arizon.n. W. I.nxlgreiu 

Lit. TiOiigfellow Hoist; WYH, West Yankee lluist; lill, Hveisoii Hoi.st; YH, Yjua]iai Hoist; 
nil, Hiuiiixildt Hoist; BII, Bluo llomt; HH, Detroit Hoist; ACH, Anzuiia Central Hoist. 

• 

present time are tho.se of Bisbee, which likewise appear to be of contact- 
metamorphic origin,ian origin which aecording to L. D. Kellogg^ maybe 
taken to apply also to the copper deposits of the Cochise mining district 
in the south-eastern part of Arizona. 

The Arizona copper deposits are among the most important in 
the world producing as they now do more copper than either the Montana 

^ K. L. Ranwome, Trans. Atner. Inst. Min. Eng., Teb. 1903. 

* Econ Geol. I., 1900. 
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or the Lake Superior district. In 1908 Arizona produced 128,966 long tons 
of copper, Montana 114,040, while Lake Superior was only responsible 
for 99,000 tons. Copper mining in this State, leaving out of consideration 
unimportant operations still older, began about 1880, since when and until 
1908, 1-1 million tons of metallic copper have been produced. Further 
comparisons with other districts have already been given on pp. 198-201. 

According to W. H. Weed' the Cananea copper deposits in Mexico, 
near the frontier with the United States and some 80 km. south of Bisbee, 
are also of contact-mctamorphic origin. Moreover M. B. Yung and R. S. 
McCaffery ^ regard those of the San Pedro district. New Mexico, as also 
being of this origin. 

The important deposits of copper found in the neighbourhood of an 
occurrence of grano-diorite at Concepcion del Oro, Zacatecas, Mexico, and 
described not long ago by A. Bergeat,® were undoubtedly formed by contact- 
metamorphism. At this place four classes of deposits may be distinguished, 
namely : (1) metasomatic contact-deposits always carrying chalcopyrite ; 
(2) the copper lode, El Placer-Weed, in grano-diorite ; (3) lead-zinc deposits 
in limestone; (4) auriferous quartz lodes. Of these four, the first and second 
without doubt and the third in all probability, ale genetically connected 
with the upheaval of the grano-diorite. 

To the group of deposits here described. Weed * considers that the 
bronze-coloured copper o'^es found in limestone in the neighbourhood of a 
grano-diorite mass in the Boundary District of British Columbia also 
belong, while according to 0. Stutzer ® several other copper deposits, some 
lying on the west coast of British Columbia and others in Alaska, are 
also to be regarded as belonging to this class. 

Contact-deposits of a peculiar type were recently described by J. F. 
Kemp and C. G. Giinthur in a paper ‘ The White Knob Copper Deposits, 
MacKay, Idaho,’® as occurring in association with granite, quartz- 
porphyry, and limestone. The ore, accompanied by wollastonite, vesuvi- 
anite, epidote, etc., is found within the quartz-porphyry but only a 
hundred or a few hundred metres distant from the limestone. These 
deposits are columnar in shape and resemble chimneys. * 

• 

1 Trans. Atner. Inst. Min. Eng., Oct. 1902. 

* Ibid., Oct. 1902. 

a Neues Jahrb. f. Min. B. B. XXVIII., 1909. 

* Loc. cit. 

® ‘ Die kontaktmetamorphen Kupfererzlager.statten von White Hor«o am Yukon, 
Kanada,’ Zeit. f. prakt. OeoL, 1909. 

" Trans. Amtr. Inst. Min, Eng., 1908; reviewed Zeit. f, prakt. Qeol., 1909, p. 180. 



CONTACT-DEPOSITS 


399 


The Broken Hill Silver-Lead-Zinc Deposits 
LITERATURE 

E. F. Pittman. ‘ On tho Geological Occurrence of tho Broken Hill Ore Deposits, 
Records of the Gool. Survey of*Now South Wales, Vol. 111., Pt., 11. Sydney, 1892.— 
J. B. Jaquet. ‘Geology of tho Broken Hill Lode and Barrier Ranges Mineral Field,’ 
Mom. Gool. Surv., New South Wales. Sydney, 1894 ; reviewed P. Krusch, Zeit. f. prakt. 
Geol, 1897, p. 94. —Beroeat. Written communication concerning Stelzner’s view of tho 
place in tho classification of ore-deposits, to which tho garnet-galena deposits of Broken Hill 
belong. Zeit. f. prakt. Geol., 1907, p. 314.—G. Eisfelder. ‘Dor Silber- Blei- und Zink- 
borgbau in Broken Hill,’ Berg- u. Huttenm. Zeit., 1898, Nos. 48-51.—R Beck. ‘ Beitrago 
zur Kenntnis von Broken Hill,’ Zeit. f. prakt. Geol., 1899, pp. 0.5-71. 

The Broken Hill district in New South Wales lies to the south-east 
of Silverton. It consists chiefly of gneiss alternating on the one hand 
with quartzite, mica, and hornblende schists, and on the other with a 
quartz garnet rock. The age of these rocks is doubtful as all arc greatly 
altered and no organic remains have yet been found in them ; probably, 
if not still older, they are Lower-Silurian as C. S. Wilkinson considers 
them to be. The whole contorted complex is intruded by dykes of 
basic dioritc and coverfcd in greater part by beds belonging to the Recent 
and Pleistocene formations. 

The famous deposits of Broken Hill though conformably intercalated 
in this complex, are of epigenetic nature. The four principal occurrences, 
which lie close together and in similar geological position, are known 
respectively as Main Broken Hill, Eastern Broken Hill, North Eastern 
Broken Hill, and Western Broken Hill. The principal deposit has the 
form of a saddle, for which reason and following the nomenclature of the 
Bendigo district thc.se occurrences were formerly described as ‘ Saddle 
Reefs.’ In consequence of this form the boundary between the oxidation 
and cementation zones, and that again between the latter and the primary 
zone, is more irregular than is usual with ordinary tabular deposits. 
Near the surface the entire occurrence consists of ironstone ; below 
this, kaolin and oxidized ores appear; while deeper still it consists of 
sulphides amf is principally a coarse-grained mixture of dark sphalerite 
and galena. No regular arrangement of these minerals Can be observed, 
so that the primary ore may be described as of coarse intergrowth, though 
in consequence of the small size of the individual crystals this intergrowth 
becomes almost compact. Towards the foot-wall there is generally a sharp 
separation between the ore and country-rock whereas in the hanging-wall 
these pass insensibly from one to the other. In this latter direction also 
small conformable ore-bodies are sometimes found in the country-rock 
itself, though in such cases a connection with the main body is noticeable. 

The manganiferous hmonite at the outcrop of the Main Broken Hill 
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Lode is 20-120 feet wide and may be followed for one and a half 
miles. The Eastern Lode has the same form as the Main Broken Hill 
though, according to Jaquet, its actual cap has been removed by denudation 

^ and its western limb has 
been annihilated by pres- 
‘ sure. The North Eastern 
Lode at its outcrop some¬ 
times consists of a hard 
gossan and sometimes of 
a soft mixture of iron ore 
s with quartz and alum 
A minerals. The Western 
£| Lode has but a short 
.S western Umb and its gos- 

T. .sail contains cerussite and 

S occasionally copper car- 

1 S bonates, which carbonates 
;; in general are rarely seen 

ji 'B at* Broken Hill. 

2 The sul])hide ores are 
galena, sphalerite, both 

J intimately intergrown 
Ig || with quartz, garnet, fel- 
spar, and rhodonite ; and 
*3 moroseldom pyrite, chalco- 
'£«§ I pyrite, arsenopyrite, and 
5 II -3 fluorite. The galena and 
Si sphalerite both contain 
I I 1 silver. A garnet-quartz 
ill ^ '■ock containing 150-1800 
S grm. of silver per ton occurs 
2 together with the ore. 
The averagS ore contains 
5-7 per cent of lead, 
14-30 per cent of zinc, 
and 1.50-1200 grm. of 
silver per ton. The 
cementation ore forming 
but a narrow layer from 
3 inches to 3 feet in thickness may assay as much as 8000 grm. of silver 
per ton with 12 per cent of copper. 

The principal oxidized ores are limonite, haematite, psilomelane, 
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rhodonite, cerussite, cerargyrite, native silver, together with kaolinized 
felspar, garnet, etc. Smithsonite only occurs to a lesser extent. The 
lead carbonates contain 20-60 per cent of lead and 150-2500 grm. of 
silver per ton. High-grade ‘ dry ore ’ consisting of kaolin with some 
garnet-quartz, contains 120-9000 grm. of silver per ton with about 
3 per cent of lead. Low-grade ‘ dry ore ’ usually has 150-1200 grm. of 
silver per ton. 

As already mentioned, these Broken Hill occurrences were formerly 
regarded as saddle lodes which by lateral secretion had become filled with 
sulphide ores, this description having been put forward especially by Pitt¬ 
man and Jaquet. Krusch in reviewing the work of these two authorities 
is inclined to regard the deposits as true beds which have suffered folding 
and tilting in common with the surrounding gneiss. Bergeat endorses 


Main Broken Bill Lode. 


fFesfern Lode 



Quait/ an<l kaolin witli 
iron and manganese 
oxnlea. 

1 . ' ] Kaolin. 

[•4^ Very rich secondary 
bulpliule Die. 

Ordinary’ .snljilude ore. 
Conntry-rock. 


Qnart.5 and garnet 
cemented by iron oxide. 


Fia. 2.')4.—Sec t.um of ilie Main Broken Fri. 255.—Section of tlie Mam Broken Hill lode 
Hill and tin; Western Broken Hill lotles sliowing seeoinlary deptli-zones, Jaquet. 

Jaquet. 


the view of Stelzner who also regarded these occurrences as ore-beds. In 
relation to their genesis, he compares them with Schwarzenberg in Saxony, 
Pitkaranta in Finland, Travcrsella in Piedmont, etc., and brings all 
these deposits together under a type which he designates as the Schwar¬ 
zenberg - Persberg type corresponding, though on somewhat broader 
lines, with the pyroxene-garnet-pyrite-blende formation of Breithaupt. 
He remarks particularly however that this type of deposit is of all the 
most difficult to satisfactorily explain. Beck in the third edition of his 
book, basing his views upon the investigation of specimens, classes these 
deposits with the epigenetic ore-beds, as those specimens in his opinion 
contained evidence of a derivation from bedded lodes of the garnet sub¬ 
division of the pyrite-zinc-lead group in crystalline schists, the specimens 
exhibiting at the same time some metasomatic replacement of the country- 
rock. Bergeat in his Lagersliillerdehre placed them with the ore-beds. 

VOL. I 2d 
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The occurrence of typical contact minerals intimately intergrown 
with the ore, the undoubted epigenetic character of the deposits, and the 
great similarity they possess with such typical contact-deposits as those of 
Schwarzenberg, in our opinion justify for these Broken Hill lodes a place 
with the contact-metamorphic deposits, though it must be admitted that 
the question of their genesis is not thereby definitely settled. 

The first discoveries in the district, namely of cerargyrite, were 
made in the year 1884, following which the town of Broken Hill was founded 
in 1886. From 1889 to 1896 the Broken Hill Proprietary Co., the most 
important company there, produced 290,000 tons of lead and 2-25 million 
kilograms of silver. The yearly lead production of the whole district 
amounts to about 117,000 tons or approximately one-ninth of the world’s 
total. According to Krusch^ that of the Broken Hill Proprietary in 
1905 amounted to 67,062 long tons, while the Sulphide Corporation for 
the same year was responsible for 22,246 tons. In 1907 the figures were 
54,168 tons and 22,394 tons respectively. 

The silver production of the Broken Hill Proprietary in 1906 was 
6,007,698 oz. or 155,700 kg. The district employs 9500 workers. On an _ 
average the ore at the 1100 ft. level, where the .deposit is 65 feet wide, 
carries 17 per cent of zinc, 19 per cent of lead, and about 400 grm. of silver 
per ton. 


The Contact-Deposit.? of Kupferisero in Sile.sia 
LITERATURE 

Web-sky. ‘ Ober die gcegnostiachen Verhaltnis.se der Erzlagerstiitten von Kupferberg 
und Rudelstadt i. Schl.’ Zeit. d. U. Geol. Ges. Vol. V, 185.T. p)). 373.4.'!8.—R. Keusch, 
* Dio Klassifikation der Erzlagcrstatten von Kupferberg i. Schl.’ Zeit. f. prakt. Geol., 
1901, pp. 226-229.—A. Sachs. Die Mincralschatzc Schle.siens, 1906, p. 24. 

These occurrences, the situation of which is indicated in Fig. 50, lie in 
that area of hornblende-schists which to the west is bounded by the biotite- 
granite of the Riesengebirge and to the north by the so-called ‘ green- 
schists.’ The hornblende rocks, referred to by Websky as.^diorite-schi8ts, 
strike generally about E.S.E. and dip steeply, sometimes as much as 85°, 
to the N.E. in composition and structure they often greatly resemble 
the hornblende-schists occurring at Schwarzenberg in Silesia as part of the 
contact rocks appearing there. Moreover within an intercalated bed of 
mica-schists Merensky, the mining engineer at one time in charge of the 
operations at Kupferberg, found an occurrence of spotted schists which he 
regarded as additional evidence of contact-metamorphism, while as these 
schists, broken through by quartz-porphyry, lie immediately on granite. 


^ UnteraiLchung und Bmvertung der ErzlagerstdUen, 1907. 
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probably no mistake is made if such contact-metamorphism be ascribed 
to that rock. 

The ore-deposits in the neighbourhood of the granite, similar to those 
of Schmiedeberg also in Silesia, are bed-like. They sometimes carry 


magnetite with hornblende, epidote, 
etc., sometimes a mixture of mag¬ 
netite with sphalerite and pyrite, 
and sometimes pure pyrite. To 
this group the Einigkeit Lode 
belongs, this consisting principally 
of pyrite, fibrous hornblende, prase- 
quartz, chlorite, pyrrhotite, and 
chalcopyrite. At Wolfs Shaft, rod¬ 
shaped crystals of lievrite inter- 
grown with hornblende and mag¬ 
netite have been found. 

Farther from the granite and 
in the eastern portion of the district 
copper lodes occur, most of which 
have a gangue consisting chiefly of 
hornblende and chlorite, though 
others have quartz only. To 
the first belong the Abend Lode of 
Neuadler which strikes N.S. and 
dips 80° to the west; the Morgen 
Lode at the same place striking 
S.S.E. and dipping steeply to the 
east; and the Juliana Lode. The 
other lodes strikiiig a little north of 
east form a group which is decidedly 
younger. Among these the Ros(in- 
stiel Lode belongs. The ores in both 
cases are chalcopyrite, bornite, etc. 
These in the upper levels had a 
considerable silver content. 



Fkl 2r>6. --SpociiiifU from Kiipfeiberg in 
Silesia with characteristic chlorite gauguc and 
felsjiar; onc-quartcr natural size. Collection, 
OVo/. T.HiidfMnst , llerlin. 

a, Clm!co|>jnto; /*, chlorite , <■, calcitc ; 0. Ilnorite ; 
fclsp;i". 


These Kupferberg deposits, with the exception of the younger lodes 
just mentioned, were formed by contact-metamorphism, which in this case 
therefore not only gave rise to deposits of the Schwarzenberg type 
but to lodes at the same time. It is unfortunate therefore that mining 


operations upon these interesting deposits have now practically ceased. 


Iron ores and auriferous copper sulphides also occur together at a 
place called Springs situated on the river Calgour in Queensland at the 
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contact between granite and crystalline limestone and in a wollastonite 
garnet-quartz rock. 


Reichenstein in Silesia 
LITERATURE • 

R. B. Hare. ‘ Bio Sorpentinmasse von Reichenstein und die darin vorkommenden 
Minoralien/ Inaug. Biss., Breslau, 1879. —H. GuVj’I.eb ‘ Reichcnsteiner Arsenik,’ Borg- 
und Huttenwork Kcicher Trost, 1893. —Faui-tiabkr. ‘ Bio chcraalig echlesischo Gold- 
produktion mit besonderer Borucksichtigung des Reichcnsteiner Bergroviers,’ Inaug. Biss., 
1896. —0. WiENKOKE. ‘ ilbor die Arscncrzlagerstatteu von Reichenstein,’ Zeit. f. prakt. 
Geol., 1907, p. 273; Hoinzescho Chronik iiber die Bergstadt Reichenstein, 1817. —F. 
PoSepn^. Archiv fur praktischo Geologic 11., 1895, p. 322.—.T. Rotu. Erlauterung 
zur geognostischen Karto von Niederschlesien. Berlin, 1867. — C. Guttler. ‘ Uber dio 
Formel dea Arsenikalkicscs zu Reichenstein in Schlcsicn und dessen Goldgchalt,’ Inaug. 
Biss., Breslau, 1870. 

The occurrences at Reichenstein extend from the north slope of the 
Riesengebirge to the foot of the Jauersberg, and between the Schlacken and 
Glatz valleys. This area consists of mica-schists which to the south-east 
give place to gneiss and to the north-west alternate with hornblende-schist, 
syenite, and gneiss. The schists are all highly altered, much tourmaline 
now occurring in them. In the mica-schists near Reichenstein, varying 
thicknesses of hmestone and serpentine occur accompanied by a large 
number of irregular ore-bodies or lenses. Of these the most important 
is an ore-bed worked by the Reiclier Trost mine, the presence of which is 
marked on the surface by old workings extending 1200 m. in a south-west 
direction from the Esel Pit to the Follmersdorii Road. This bed is con¬ 
formable to the enclosing schists and pitches 30°-40° to the south-west. 
The ore-body, which on the fourth level was proved to be 140 m. long, 
diminished in greater depth till on the ninth it was but 44 m. in length. The 
width in places reaches as much as 35 m. The peculiar form of this occur¬ 
rence is probably duo in great measure to disturbance. The ores, of which 
loUingite is the most important while arsenopyrite is subordinate, occur 
either as fine needles intimately intergrown with contact minerals, or in 
veins. Leucopyrite having a composition variousl} put at Pe^ASg, Fe.jAs^, 
or Fe.jASj, may also be distinguished. The gold content of these ores is 
important though it varies tremendously. Wienecke has placed that of 
leucopyrite at 28-() grm. per ton, that of loUingite at 23-7 grm., and that of 
arsenopyrite at anything between 5-2 and 34-8 grm. 

On account of their connection with serpentine these deposits were 
at times formerly regarded as magmatic segregations. As however they 
are only found in the contact aureole of the Jauersberg granite, and the 
presence of diopside, titanite, orthoclase, vesuvianite, apatite, and fluorite 
indicates a close connection between the eruptive rock and the deposits, 
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the authors, with Wienecke, consider that contact-metamorphisin is the 
most probable genesis. At the first stage dolomite and dolomitic limestone 
were altered to diopside, the arsenides, and titanite, and then according 
to Wienecke, the hmestone and diopside by later mineral solutions, 
became further changed to serpentine. 

Mining operations began in the year 1270 when gold w’as the metal 
sought. Afterwards in the eighteenth centnry the deposits were exploited 
for arsenic, while it has only been since 1859, the year of the successful 
application of the chlorination process, that both the gold and the arsenic 
have been won. To-day at Rcichenstein a considerable amount of arsenious 
acid, ASjOj, is produced. The total production of this substance in 
Germany was in 1900 approximately 6000 tons. 


STANNIFEROUS CONTACT-DEPOSITS 

PiTKARANTA IN FINLAND 
. LITERATURE 

0. Trustkdt. ‘ Die Krzlagorstatten von Pitkaranta am Ladogasce,’ Bui!. Comm, 
geol. l<’inlaiido. No. 19, 1907.—A. E. Toeneboum. fSeoI. Fdrcii. Edrh. Xlll., 1S9I. 

Tlie country at Pitkaranta on the north side of Lake Ladoga 
consists of granite-gneiss of pro-Ladoga age conformably overlaid by 
Ladoga schists. Among these latter, hornblende-schist, mica-schist, 
gneiss, etc., and three beds of an impure limestone which in places contains 
much magnesia, are especially noticeable. It is within these limestone beds 
that the ore is principally found. All these rocks, as illustrated in Fig. 
257, are intruded by a large occurrence of Rapakiwi granite of Jotnian ago, 
termed the Ladoga Rapakiwi, which on surface has a length of 75 km. 
and a width of 30-45 km., in addition to which it is considered to extend 
as a flat laccolith beneath the covering of scliists. 

In the main, three classes of ore may be distinguished ; (1) magnetite 
without titanic acid, with low amounts of manganese and phosphorus, 
but generally with ()-2-2 per cent of sulphur; (2) tin ore; (3) copper 
ore, chiefly chalcopyrite and pyrite, the latter with an amount of silver 
equal to about one five - hundredth that of the copper it contains. 
Sphalerite, galena, native bismuth, etc., also occur in small amount. 

The deposits, though cassitcrite and chalcopyrite occur to a smaller 
extent in dykes of granite-pegmatite and in impregnated schists, are found 
chiefly in limestone, with which speaking generally they are conformable, 
as indicated in Pig. 257. The most important of them, those for instance 
of the Omeljanoff-Klee complex in the old district of Pitkaranta, attain 
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a length which at times is as much as 800 m., while the width, which 
is generally 2-3 m., occasionally reaches 8-12 m. The ores are inter- 
grown with skarn which here consists chiefly of salite, that is a 
variety of diopside, and garnet; with epidote, graramatite, vesuvianite, 
chondrodite, serpentine, quartz, calcite, etc., or more briefly the usual 
contact minerals. 

Tornebohm in 1881 from the bedded character of the magnetite, drew 
the conclusion that this ore was of sedimentary origin, while he regarded 
the tin and the copper ores as of later formation. Triistodt however 



Fid. 257..Map of tlu; Ilopnnvanra lii-ld near Fitkarantii. Trustedt. 

H’/. Wu, Wm, WinbPTg I, H, III; A7/, Klu, Khi/, Klar-a I, 11, III; llir slialt is at lloioinvaara; It, Heck. 


considers the magnetite also to be epigenetic. It forms for instance 
pipe-like ore-bodies with crustification, similar to those illustrated in 
Fig. 60, a form of occurrence which postulates a gradual deposition of both 
ore and gangue from solution. The limestone moreover has been altered 
into ore more particularly along the fissures and fractures by which 
the solutions were able to penetrate. According to Triistedt therefore 
all the ores have been formed by contact-metamorphic processes closely 
associated with the intrusion of the Rapakiwi granite. 

The sequence of age is as follows ; (1) magnetite ; (2) cassiterite ; 
(3) chalcopyrite. With the cassiterite, as is so often the case with tin 
ores, a subordinate amount of scheelite occurs. Topaz also has been 
seen, though only under the microscope, and with it fluorite. The 
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presence of greisen has 
also been observed here 
and there. The different 
stages in the formation 
of skarn and ore as in¬ 
terpreted by Triistedt, are 
given in Fig. 258, where 
the several diagrams 
represent the assumed 
course of events in the 
case of the Klara series 
of the . Ilopunvaara 
district, which series 
carries iron ore only. 

Mining which began 
in the beginning of the 
nineteenth century, after 
alternating periods of 
activity and idleness, 
finally stopped in 1904. 
The total production from 
1814 has been some 
quarter milhon tons of 
iron ore, 6617 tons of 
copper, 11-2 tons of sil¬ 
ver, and 489 tons of tin. 
The total amount of 
ore hoisted in the old 
district has been 
883,380 tons; in the 
new district 34,383 tons ; 
in the Hopunvaara 
district 34,164 tons ; and 
in the Lupikko district 
147,585 tons. The first 
of these districts was 
almost exclusively the 
source of the copper 
and tin, while the last 
three were to an equal 
extent responsible for the 
iron. 


Inllltratioti of tlie 
.Hiilite-skaiu into 
limeHtono-doIumitc, 


Fol'Uiip ol tlio Imn*- 
stone bit'ukiijg the 
hkarn to fragments. 


Hoiijullng of the 
skarn tiagnients at 
aerpi'iitunzation. 



Replacement 
of the hmestoiM) 
at niiiieializatioii. 



Advanced 
mineralization 
with the skarn* y 
serpentine inclusions 
maintained. 



Fia. 268.—Assumed course of mineralizatiou iu tlie case at 
the Pitkarauta contact-deposits. Trusteilt. 


Inmestone ; Sk, skarn ; 5/>, Bcrpeutine ; Fe, iron ore ; 
Jib, hombtendo'schist. 



408 


ORE-DEPOSITS 


SWARZENBERG IN THE SaXON ErZGEBIRGE 
LITERATURE 

Freih. von Bbust. ‘ Uobor dio wahro Bedoutunj^ dor sogonannten Erzlager boi 
Schwarzonbcrg,’ Cotta’s Gangstudicn III., 18(>0, p. 244. —H. Muixeb. ‘ Der Erzdistrikt 
von Schnocborg,’ ibid. p. 177.—F. Sohalch. Erlautorting zur Sektion Schwarzenborg 
dor gcologisohen Spezialkarto; ore-deposits mapjied by H. Muller, 1884. — K. Dalmer. 
‘ Dio Erzlager von Sehwarzcnberg im Erzgebirge,’ Zeit. f. prakt. GeoL, 181)7, p. 2G5.—R. 
Beck. ‘ Uber die Erzlagcrstatten von Schwarzenborg,’ Zeit. d. D. Geol. Gos., 1900, 
pp. 58-60; ‘ Ober die Erzlager der Umgobung von Schwarzenberg,’ Pt. I., Jahrb. f. d. 
Berg- u. Huttenw. im Kdnigr. Sachsen, 1902, pp. 51-87 ; Pt. II., ibid., 1904, p. 66. 

The country at Schwarzenberg, going from hanging-wall to foot-wall, 
consists of parallel folds of phyllite, mica-schist, and augen-gneiss, which at 
Rackelmann and Galgenberg are broken by granite, the intrusion of which 
was accompanied by extensive contact-metamorphism. Into the question 
of the ore-deposits the mica-schist formation alone enters. 

These deposits, it is interesting to note, are arranged in two concentric 
rings around the granite, which rings coincide with occurrences of meta- 
morphic crystalline limestone and dolomite. The deposits are further 
accompanied by pyroxene represented by salite, by amphibole, and to a 
lesser extent by garnet, quartz, epidote, chlorite, mica, fluorite, vesuvianite, 
etc. The general geological position of the occurrence is shown in Fig. 47. 

Beck considered the bedded and banded occurrences of magnetite in 
the hmestone and in the salite-actinolite rock as being the most important, 
though at the same time sulphide zinc-lead-copper ores and silver-cobalt 
ores occur as well as those of tin. In consequence of the intimate intergrowth 
of the magnetite with these different minerals the ore mined changes so 
much that many a mine has at different times of its existence been worked 
successively for iron, for copper, or for argentiferous lead. The ore occurs 
either as compact masses or as veins occupying the interstices between the 
silicates. 

F. Schalch and A. W. Stelzner regarded these deposits as Archaean, 
and formed simultaneously with the mica-schist. K. Dalmer, as the 
result of investigation in 1897, came to the conclusion that the deposits 
stood genetically in close connection with the contact-metamorphism 
occasioned by the granite intrusion, a view in agreement with that formerly 
advanced by von Beust and H. Muller. According to Beck the true 
contact minerals to be seen are somewhat older than the ores, which 
latter appear to have been formed at the same time as the quartz and 
fluorite. The arrangement of the ore in shoots related to fissures is re¬ 
markable. 

In the St. Christoph mine near Breitenbrunn an extensive lode of 
loUingite occurs. In this same neighbourhood particularly, cassiterite also 
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is found, this ore probably having resulted by impregnation from the 
above-mentioned fissures. 


Berggiesshubel 

LITERATURE 

R. Beck. Erlautcrungon zu Soktion Berggiesshiibol der gcologischen Rjiozialkarto 
von Sachsen. Ixiiiw.ig, 1889, p. 2o.—H. Muller. Uber die Erzlagerstatton dcr Umgcgend 
von Berggiesshubel. Leipzig, 1890. 

Berggiesshubel lies among the hills of the Elbe valley in south-east 
Saxony. The country consists of phyllite and of Devonian beds intruded 
by granite bosses of which the Markcrsbach granite is that best known. 
These intruded beds, particularly the Devonian, are highly altered by con- 
tact-metamorphism, while the granite itself is traversed by bands of zwitter. 
The hornstone, hornschiefer, knottcd-schists, actinolite schists, and the 
salite-garnet rock derived from beds of limestone alternating with schalstcin 
and now found associated with the beds of magnetite, are widely known. 
With the magnetite, sulphide copper ores such as chalcopyrite, bornite, 
chalcocitc, and tetrahidrite occur, and more seldom, galena, sphalerite, 
arsenopyrite, and pyrite. An interesting feature of this occurrence is that, 
just as was the case at Kupferberg, lode-like deposits of copper ore 
accompanied by stanniferous veins are known. Berggiesshubel forms 
therefore a connecting link between Kupferberg and Schwarzenberg. 

Limonite and cassiteritc are also found together in a Mesozoic hme- 
stone at Cava del Fumacchio near Campiglia in Tuscany. In the neigh¬ 
bourhood of this occurrence B. Lotti has demonstrated the existence of 
a mass of tourmaline-granite probably of post-Eocene age.^ 


Tbe Ore-Deto.sits at Campiglia Marittima, Tuscany 
LITERATURE 

G. VON Ratii. ‘ Dio Bcrgc dor Campiglia in der toskanischon Maromme,’ Zoit. d. D. 
Geol. Ges., 1868, Vol. 22, p. 307.—B. Lotti. ‘ Lc Roccio cruttive ^jldspatioho di Cnm- 
piglia Marittima,’ Boll, dol R. Comit. geol., 1887, Nos. 1 and 2; ‘ Sulla Genosi dei giacimenti 
metalliferi di Campiglia Marittima,’ Boll, del R. Comit. geol., 1900, No. 4.— Alfred 
Beroeat. ‘ Beitrago zur Konntnis dcr Erzlagerstatton von Campiglia Marittima (Toskana) 
insbesondero des Zinnsteinvorkommens dortsolbst,’ Neiies .Jahrb. f. Min. Geol. t’al., 1901, 
1. p. 135. 

These deposits lie in a zone 5 km. long, which extends from Monte 
Valerio to Monte Calvi, these hills being respectively 264 m. and 646 m. 

1 B. Lotti, Boll. Com. geol., 1887; A. Gurlt, K. Dalmer, Zeil. f. prakl. Geol, 1894, 
pp. 324 and 400 respectively. 
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high. Bergeat distinguished two groups; the first, lying some 2 km. 
north-west of the town, being stanniferous ; and the second at a distance 
of about 4 km. carrying the sulphide ores galena, sphalerite, pyrite, and 
chalcopyrite, these ores having been mined at Temperino, near Rocca 
San Silvestro, and at Casa Lanzi. 

The sulphides are found in the neighbourhood of quartz-trachytes, 
and are associated with such contact minerals as epidote, chlorite, lievrite, 
manganiferous pyroxene, quartz, and felspar. They occur in the closest 
connection with fissures and joints in Triadic and Liassic limestones which 
have been altered to marble by the intrusion of the eruptive rock. No 
doubt therefore exists that these are contact-deposits. 

The tin deposits of Monte Valerio and Monte Fumacchio are found in 
a reddish limestone belonging probably to the Middle Lias, and are overlaid 



];ia.s, quartz, Solul Aiigiti'- Qiiait/* (iiiart/ Quartz- 

marble. rtuuntf*, Inn- licviiti) ixirphjry. upuiote wall. I>ori)liyiy. 

nte, .sulj)hide, cbmHy. rook. 

calciLo. 

Fni. 259.—Section at the Cotiuand Shalt, Tciuperiiio near Canipigha. Bergeat. 


by slates of the Upper Lias. The tin is associated with limonite which 
occurs either as a true lode-filling in the slates or as a metasomatic deposit 
in the limestone. Sometimes a connection with fissures may bo established, 
but at other times the occurrences are quite irregular and no such 
connection is apparent. The limonite according to determinations by 
Bergeat contains 44-59 per cent of iron, 0 11-0-29 per cent of 
manganese, a little aluminous impurity, and a distinct phosphorus content; 
presumably therefore it represents altered pyrite. Cassiterite often appears 
at Monte Valerio in the south-west portion of the district, but at Cava Gotti 
and Temperino on the other hand, the hmonite is free from tin. Wherever 
found the distribution of the cassiterite is irregular. Bergeat found 
crystalline aggregates arranged parallel to the walls, though not in layers 
sharply distinct from the limonite. It is of interest to observe that this 
cassiterite bears no resemblance to the variety known as wood-tin. 

Although these deposits but little resemble the well-known types 
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of tin deposits, and may only be compared with those tin lodes in the Malay 
Peninsula which occur in limestone and are distinguished by carrying 



t'jd. ‘2()0,—Stanniferous linionite from Cento Cainerelle nejir Cainpigliu. Uer^eut. 


pyrite, nevertheless, containing tin as they do, they may be regarded as 
connecting links between the contact-deposits on the one side and the 
tin deposits proper on the other. 



LODES, IRREGULAR GAVITY-ElLLmGS AND 
METASOMATIC DEPOSITS 

The Tin Lodes 
LITEUA'J’URE 

A. Daubr^e. ‘Surle gisemcnt, la constitution et I’originc des amas do mineral dY*tain,’ 
Ann. des mines 3, XX., 1841; Etudes synthetiques do geologic oxperimentalc. Varis, 1870. 
—Klie de Beaumont. ‘ Notes sur lea emanations volcaniquea et metaliiferes,’ J^ull. dc la 
Soc. Geol. de Franco 2, IV., 1847. —E. Keykr. Zinn, cino gcognostisch-montanistiach* 
historischo Monographic. Berlin, 1881. —.T. H. L. Vogt. ‘ 0ber die diireh jmeumato- 
lytischo ProzA'sac an Granit gebnndenen Mineralneubildungen^’^Zeit. f. prakt. Geol, 1894 ; 
‘ t)ber die Zinnateinganggruppe,’ ibid., 1895. —H. Louis. ‘'Pho Production of Tin/ 
Mining Journal, London, 1899. —F. L. Hess and L. i). Graton. ‘The Gecurrcnce and 
Distribution of Tin,’ U.S. Geol. Survey, 1905, Bull. 260. —S. Fawns. ‘ Tin Deposits of 
the World,’ London, 1905. — J. IIoth. Ailgciucine und chemische Geologic, Ill., 1890. — 
F. Zirkel. Lehrbuch der Petrographic, JI., 1894. — 11. Rosenbusgk. Microskupischo 
Physiographie dor Gesteine, 1908. —W. Lindoren. ‘ Mclasomatic I’roccsaea in Fi.ssurc- 
Veins,’ Trans. Amcr. Inst. Min. Eng., 1900. —A. von Groddeck. ‘ Ober die Zinnerzlagor- 
statte des Mount Bischoff in Tasmanien,’ Zeit. d. D. Geol Ge.s., 1884,1886, 1887. —W. von 
Fircks. Ibid., 1899. —W. Salomon and H. His. ‘Komiger Topaafels im Greisen bei 
Goyer,’ ibid., 1888. 


Tin lodes are characterized by their constant connection with granite or 
exceptionally with the dyke and lava equivalents of granite; by their 
richness in fluorine- and boron minerals; and finally, by the pneumatolytic 
metamorphism of the country-rock resulting in the formation of greisen. 
The lodes themselves have been filled by pneumatolytic processes repre¬ 
senting the after-effects of the granite intrusion, whence it follows that the 
characteristic minerals of this filling were without doubt derived from the 
granite while this was still in a molten condition, probably by the action 
of dissolved fluorides, etc. . 

As pointed out by A. Daubree and Elie de Beaumont as far back as 
the ’forties and later confirmed by numerous other authorities, true tin 
lodes—^the tin-silver lodes of Bolivia not being regarded as therein included 
—whether they occur in the Erzgebirge or the Fichtelgebirge of Germany ; 
in Cornwall, Brittany, Central France, Spain, Portugal, Finland, Malacca, 
or the East Indies ; in the different Australian States or South Africa ; 
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in North America or the Argentine,—are all connected with granite. 
Exceptionally, at Mount BischofE in Tasmania and at Durango in 
Mexico the connection is with quartz - porphyry and rhyolite, these 
two rocks representing respectively the dyke and lava equivalents of 
plutonic granite. Since tin lodes are generally found partly in the 
country-rock immediately surrounding granite and partly in the peripheral 
portions of the granite itself, their derivation as contact effects of acid 
eruptive rocks is evident. The further fact that hitherto tin lodes have 
nowhere been found genetically dependent upon basic rocks undergoing 
consolidation, is also deserving of emphasis. 

Mineralogically, tin lodes are remarkable for their striking uniformity. 
The characteristic ganguc minerals are quartz and different fluorine-, 
boron-, and phosphorus minerals. Among these, fluorite and lithia-mica 
are the most fre(]tient, the latter being represented by the two minerals 
zinnwaldite and lepidolite, both of which contain fluorine. Other micas 
also occur but less frequently. Tourmaline the boron-silicate is also 
frequent, after which come axinite and datolite; topaz, occasionally 
developed as pyknite ; apatite and such other phosphates as amblygonite, 
triphyline, monazite, etc.; and less frequently beryl, phenakite, gilbertite, 
nacrite, steinmark, and kaolin, the latter minerals being secondary. Barite, 
calcite, etc., occur but seldom. Among ores, the most frequent companion 
of cassiteritc is wolframite, while the other wolfram minerals scheclite and 
stolzite, the at - times auriferous sulphides arsenopyrite and pyrite, 
the sulphide copper ores, bismuth- and uranium ores, specularite, and 
magnetite, are in general more seldom, though exceptionally the last- 
mentioned iron minerals are of frequent occurrence in the Straits Settle¬ 
ments and the East Indies. Now and then, columbite, tantalite, rutile, 
anatase, etc., are found, while in some lodes stannitc occurs sparingly. 
Genetically the boron-tin mineriil, j)ageite, recently demonstrated by A. 
Knopf 1 to occur in the tin district of Alaska, is liighly interesting. 

Stolzite, the Icad-wolframate, is certainly always secondary, as is also 
scheclite the lime-wolframate, and such phosphates and arsenates as wavel- 
lite, lime-ura«ite, copper-uranite, pbarmaco-siderite, etc. 

Minerals containing fluorine, such as fluorite, different micas, topaz, 
tourmaline,fluor-apatite,etc.; containing boron,such as tourmaline, axinite, 
datolite, zinnwaldite and lepidolite; phosphorus,^such as apatite and other 
phosphates; wolfram and lithium, such as lithia-micas, sometimes also 
spodumene, lithia - tourmaline, and the lithia phosphate, triphyUne; 
beryllium,such as beryl and phenakite; arsenic and sulphur, subordinately; 
uranium, niobium, tantalum, molybdenum, etc., rarely ; and finally in 
some districts copper also, are especially distinctive of tin lodes. 

‘ U.S. Qeol Surv. Bult. 368, 1908. 
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Another distinguishing feature of these lodes is the alteration of the 
immediate country-rock to greisen, mica-rock, quartz-rock, luxullianite, 
tourmaline-rock, topaz, zwitter, cassiterite, and such like; and in some 



Fins. 261, 262.-'Showing the relation of cassiterite veins, greisen, and granite in Cornvi'alh 

Neve Fo.ster. 

districts also to kaolin. Such alteration is illustrated in Figs. 201 and 262, 
the latter indicating the complete transformation of the rock between 
two veins when these occur close together. It results more >isually 
in the formation of greisen, a rock consisting chiefly of quartz and mica 



Fid. 263.—Showing the alteration of biotite (/>) to niuscovite {?«.) with the separation of 
epiilote {ep ); magnified ten times. Vogt. 

with some cassiterite. In tliis alteration the felspar particularly is destroyed, 
though at the same time the magnesia-mica is altered to lithia-mica or to 
potassium-mica, this latter change being illustrated in Fig. 263. 

The effect of this alteration upon the chemical composition of the 
rock may be gathered from the analyses given on the next page. Of 
those. Nos. la and 16'are from Altenberg, after K. Dalmer; while Nos. 
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2a, 26, and 2c are from New England, New South Wales, after L. A. Cattou. 
A comparison of these analyses shows that the change, at least very often, 
consists in the removal of Na^O and K„0 especially, and to a less extent of 
CaO and MgO, while on the other hand some iron appears to be introduced. 
Mineralogically the greisen No. 15. consists of 50-28 per cent of quartz, 12-14 
per cent of topaz, 36-8 per sent of mica, and 0-43 per cent of cassiterite, in¬ 
dicating that in this case a remarkable alteration has taken place niineralogi- 
cally without any substantial amount of material having been either removed 
or added. Cases there arc in number however where a thorough chemical 
rearrangement has been accompanied by the addition of some constituents 
and by the complete or almost complete removal of others. With strong 
silicification a quartz-rook is formed ; with the plentiful formation of mica. 



(iranite 
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a mica-rock ; while with boric acid in large amount tourmaline-rock 
arises. Of particular interest in this connection is the phenomenon of 
topazification, that is the more or less advanced alteration of the country- 
rock along the lodes to topaz. This has been established in more than 
one occurrei'ce. Valuable information concerning the topazification of 
the quartz-porphyry at Mount BischofE has been given by von Groddeck 
and von Fircks; concerning that at Geyer in Saxony, by Salomon and 
His ; and concerning that at Altenberg-Zinnwald, by Dalmer. Schroder* 
has lately described the Topaz-Brokenfels and *the topazified porphyry of 
Schneckenstein in Saxony; while the topaz-rock of Auerbach, likewise con¬ 
nected with tin lodes, was described by Breithaupt as far back as 1854. 
Finally, at times a fluoritization of the country-rock, consisting in the 
formation of much fluorite, takes place. 

* Erlauterung zur geologiacken Karle von Sachsen, Blatt Falkonstein. 
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When a notable amount of cassiterite is introduced and arranged 
in fine-grained modifications in greisen, the rock is known as ‘ zwitter,’ 
a designation which gives way to that of ‘ tin-rock ’ when the tin content 
is still higher. Not infrequently the greisen, or the altered rock whatever it 
may be, is strongly impregnated with cassiterite, while the vein itself, as 
illustrated in Fig. 264, is limited to a narrow fracture. Such a fracture 
having provided the means of access for the material forming the impregna¬ 
tion, is known as an ‘ impregnation fracture.’ 

With such alteration of granite to greisen, mica-rock, etc., complete 



Fi<». 2C4.—liuprcgnation fracture 
with concomitant greisen formation 
in granite. Collins. 


pseudomorphs of the constituent minerals 
are often to be observed. The best known 
are those of cassiterite and to a less extent 
those of quartz, after felspar. Such have 
been found at different places in Corn¬ 
wall. Those of tourmaline after felspar, 
of cassiterite and topaz after quartz, 
etc., also deserve mention. Such pseudo¬ 
morphs indicate that the alteration of the 
rock in which they occur must have pro¬ 
ceeded by metasomatic processes when the 
rock was already solid. 

Curiously enough the cassiterite crystals 
of different fields exhibit divergent habit, 
sometimes widely so. In this connection 
F. Becke ^ distinguished the following three 
types: (1) the Fii'zgebirgc type of thick short 
crystals almost all twinned, often with twins 
repeated, and sometimes many times re¬ 
peated ; (2) the Cornwall type of slender 
prisms, the habit of needle-tin ; (3) the Pit- 


karanta type of ditrigonal pyramids and prisms, twins seldom occurring. 


W. Kohlmann ^ has however shown that such a division cannot always 


be insisted upon, as transition and intermediate types appear. The 
cassiterite from the Straits Settlements for instance, in so far as the 


habit of its crystals is concerned, stands between the Erzgebirge and the 


Cornwall types. 

Tin ore occurs not only in true lodes but also occasionally along 
original joints and contraction-planes. The ore for instance in some of 
the Erzgebirge mines within the granite area, is found upon horizontal or 
gently inclined planes. The deposits at Zinnwald illustrated in F’ig. 265 


^ Tuchermiks Min. Milt., 1877. 

* Groths, Zeil. f. Krist. u. Min. XXIV., 1896. 
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furnish excellent examples of such an occurrence. At that place no less 
than sixteen of such deposits, individually up to one metre in thickness 
and with symmetrical filling, are found one above the other. These on 
account of their horizontal lay are termed Floze (Seams) by the 
miners in Germany, a term equivalent to the ‘ tin-floors ’ of (,'ornwall 
. At other places, as illustrated in Figs. 261 and 2G2, the tin ore is found 
^ more often or ejitirely along the vertical joints; while at others again it occurs 
both along the vertical as well as the horizontal joints or along any other 
plane whatever. Occurrences of this last type are referred to as ‘ stock- 
works.’ They are characteristic of the Erzgebirge, being found for instance 
at Altenberg, Geyer, and elsewhere. In Cornwall also they are repre¬ 
sented, and they have also been described at Morbihan in France. 

Tin lodes, as illustrated in Fig. 146, often show a characteristic crusted 
structure with mica, etc., at the walls, and quartz and ore in the middle. 
A sytnmetrically repeated crustification, such as occurs with many of the 



Fig. 265.—-8ccf 1011 f.hioufjli the iiortliei u i»ortioii of the ZiimwaM j^ramte area. 
Hiatt Zinmvald der genl. Spf.iidkaiii; wih Suclist'n. 


lodes of the lead-silver group, is however not often seen. 

As already mentioned on p. 154, tin oxide in small quantities has 
repeatedly been found upon analysis in granite itself or in one or other 
of the constituent minerals of that rock, under circumstances which 
absolutely jjreclude the possibility that such oxide could have been 
mechanically involved with the mineral analyzed. This has been particu¬ 
larly the case with some micas, but also with felspar. The amount of such 
tin is extremely small, seldom reaching 0-05 per cent. In some granites 
also, and where there could be no question of secondary impregnation into 
a consolidated rock, primary occurrences of cassjterite in minute crystals 
may be observed, such as must have arisen by crystallization from a 
granite magma. It is of course possible however that in these cases by 
pneumatolytic processes the tin oxide was introduced into the magma 
either before or during its consolidation. In like manner the occasional 
and at times abundant occurrence of cassiterite, wolframite, columbite, 
topaz, etc., in dykes of pegmatitic granite, may probably be explained. 

VOL. I 2 E 
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With these dykes the phase of magmatic consolidation can be differentiated 
from that of the entry of pneumatolytic compounds. In this connection 
reference is recommended to the paper by W. C. Brijgger upon the augitc- 
syenite and neplieline-syenitc pegmatite dykes of southern Norway,* and 
to his work upon the minerals contained in them.^ 

The minerals associated with tin lodes ate occasionally found in the 
druses of granite and then in such a manner as to suggest that they were 
only formed at a comparatively late stage in the process of consolidation. 
V. Durrfeld,® from the minerals in the druses of W^aldstein granite from 
the Fichtelgcbirge, was able to distinguish the following generations ; (1) 
crystals of potassium felspar, albite, and quartz, solidified from the magma ; 
(2) zinnwaldite, topaz, tourmaline with axinitc, and cassiterite, derived 
from the magma by pneumatolysis ; (3) muscovite, secondary albite, gilber- 
titc, secondary tourmaline, secondary potassium-felspar and younger 
quartz, probably deposited from the water circulating in the rock ; (4) 
herderito, apatite, fluorite, and cuclase ; and finally (5) barite, chalco- 
pyrite, lim?!-mica, copper-uratiium-mica, (',t(!. 

As already mentioned, tin is essentially an element characteristic of 
the acid eruptive rocks in their various facies, an- a.ssociation which may 
be exj)laincd by the chemical analogy between SiO„ and KnO,. As pointed 
out long ago by Daubree and Elie de Beaumont, from this constant associa¬ 
tion the conclusion may be drawn that the formation of these lodes is 
genetically regularly dependent ujion these acid rocks. They must there¬ 
fore be regarded as endomorj)hic and exomorphic contact phenomena 
formed at the conclusion of the period of eruption, yet occasionally crossed 
by later granitic and (piartz-porphyritic dykes, the ex])iring elTorts of a 
subsiding magma. From these considerations as well as from the striking 
abundance of fluorine- and boron minerals, the above-mentioned authorities 
further concluded that the tin lodes aro.se by emanations from acid magmas, 
or in other words that they represent a particular kind of pmmmatolytic 
contact phenomena. That in such a process of formation fluorine and 
boron were the vehicles by which th<! minerals were conveyed Daubree 
convincingly showed in his well-known sublimetive syntheses. It is re¬ 
called that by these he succeeded in artificially forming cassiterite, rutile, 
spccularite, apatite, and a compound having the composition of topaz. 
These experiments, together with various geological observations, render 
it highly probable that the minerals associated with tin were formed 
from compoutids circulating in the lode-fissures and principally from 
the compounds of fluorine, such as hydrofluoric acid, stannic-fluoride. 


Grothfl, Zeit. f. Kriat. u. Min. XVT., 1890. 

^ Qes. d. Wiaa., Christiania, 1900. 

* Zeil. fur Krist. u. Mim XLVI., 1909. 
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boron-fluoride. Since the presence of chlorine has not only been 
established in apatite, but also in the micas of some tin lodes, it is 
probable that the fluorine under these circumstances wa.s often accompanied 
by a small amount of chlorine. 

The characteristic, alteration of the country-rock aloiif; tin lodes may 
accordingly be also ascriLed to a pneumatolytic mctamor]ihism ell'ccted 
principally by the diflerent comjiounds of fluorine circulating in the fissures. 
The pseudomorphs of cassiterite after felspar may for exam|)lo be e.'i])lained 
in that the hydrofluoric acid, released by the dissociation of stannic fluoride 
according to the formula SnP^+ 211^,0 = SnO„+ 1HF, attacA'cd and decom¬ 
posed the felspar, while at the same time the space vacated became occupied 
by the stannic oxide, deposited as cassiterite. 

(■oncoming the association of the compounds circulating in the fissures, 
it must bo remembered that with many of them the critical temperature 
is already [lasscd at a relatively low temperature. This teni])erature for 
(X), and H(!l lies below 100° ( 1 . ; for 11,S, S0,„ ('0, NH.^, between 100° and 
200°; for (1S,„ P01|, SiCl^, between 2l)0" and 300°; and for 1I„(), As(ll|, 
Sillr^, SnCl^, TiGl|, between .300° and 400°. Should the mineralization 
have taken place at a temperature higher than 400", which appears probable 
.seeing that this phenomenon belongs to the period of eruption, no difference 
could have existed between the gaseous and the liipiid condition ; indeed 
at a temperature of 300° even under conditions of enormous |)rcssure, 
most of the above ('orajrounds would no longer have been able to exist in 
the liipiid state. Wore moreover such aipieons solutions ])resont it is 
nevertheless certain that vajxnirs and gases iilayed a very essential part 
in the formation both of the h'des and of the greisen. 

The theory here briefly sketched, supported as it is by a wealth of 
mineralogical and geological facts and exj)laincd by the beautiful mineral- 
syntheses of the French investigators, has been further developed and con¬ 
firmed in the lust decades by a number of younger workers, till in its broad 
lin(!S it enjoys the approval of by far the greatest number of those who have 
studied the subject, ft is not aur|)rising therefore that it has exerted a re¬ 
markable in'hiencc upon the general development of the science of Geology. 

Other hypotheses, for example that of E. Iteyer, who regards tin- 
bearing greisen as primary streaks marking later injections of the original 
magma, or that of Sandberger, according to which the tin lodes became 
filled by lateral secretions from the country-rock, have undoubtedly proved 
to be erroneous. Again, when G. Ifischof assumed that the materials 
holding the stannic acid in solution in the fissures were the carbonates of 
the alkalies and alkaline earths so widely distributed in underground 
waters, and when he further found in the felspar of the granite the very 
* Lehrb. der chenu-physik. Qeol.f 1860, pp. 811*824. 
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substance which by its decomposition provided this necessary solvent, he 
propounded a hypothesis which left the constant association of tin ores 
with fluorine- and boron minerals unexplained. 

Vogt in 1895, applying the theory emanating from the Ifrench school, 
endeavoured to determine the nature of the dependence of the tin lodes 
upon acid magmas and to explain the concentration in these lodes of the 
elements which characterize them, such for instance as tin, bcjron, lithium, 
phosphorus, fluorine, etc. This endeavour consisted chiefly in a com¬ 
parison between the tin lodes and the Norwegian apatite lodes described 
in the next section. Between these two groups the most important 
analogies are as follows : 

1. Each group is characterized by its association with a particular 
eruptive rock, the tin lodes with granite, the apatite lodes with gabbro. 

2. In both cases the lode material is younger than the rock in which 
it occurs, though in both cases the interval between the consolidation 
of the eruptive and the formation of the lode was small. Evidence of 
this lies in the fact that both classes of lode are occasionally intruded 
by apophyses or late injections of the particular magma. 

3. Both groups are regularly marked bya pneumatolytic metamorphism 
of the country-rock, which in the one case is characterized by the formation 
of greisen, etc., and in the other by that of scapolite rocks, these latter 
resulting from the gabbro by the addition of sodium chloride. 

4. Mineralogically, among other properties, the analogy rc.sts upon 
the occurrence of apatite and allied phosphates in both cases, with this 
difference however, that while with the apatite lodes the principal mineral 
is a phosphate, with the tin lodes the phosphates play but a sub¬ 
ordinate part. In spite of this subordination however, apatite still remains 
a characteristic feature of tin lodes, since practically speaking it does not 
occur in lead, silver, zinc, and gold lodes, these not having been formed 
by pneumatolysis. In the apatite lodes the stannic acid of the tin lodes 
is replaced by titanic acid. In both groups the principal gangue minerals 
are silicates wherein these lodes differ from the lead-silver lodes. In the 
place of the quartz, alkali-mica, tourmaline, topaz, beryl, etes, which are 
associated with tm lodes, magnesia-mica, enstatite, hornblende-scapolite, 
etc., occur with the apatite lodes. 

5. With each group one halogen element occurs plentifully, fluorine 
with the tin lodes, and chlorine with the apatite lodes. The fluorine in 
this connection is accompanied by a little chlorine. The chlorine of the 
Norwegian apatite lodes occurs partly in chlor-apatite, but particularly 
in scapolite, which contains 2-5-3 per cent of chlorine. Scapolite is also 
found in considerable quantities in the altered country-rock. With the 
Canadian apatite lodes the chlorine is accompanied more or less by fluorine. 
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6. Chemically and mincralogically a remarkable analogy exists between 
both classes of lode and their respective country-rocks, in so far that in the 
granitic and granite-pegmatite dykes on the one hand several of the elements 
characteristic of cassiterite occur, while oit the other hand the gabbro 
in which the apatite lodes occur is distinguished by richness in phosphoric 
acid, titanic acid, ferric oxide, ferro-magnesium and lime-soda silicates, and 
at the same'timc by a diminution of the potassium silicates. Almost all 
the elements which arc distinctive of tin lodes, such as Si, Sn, F, B, P, Li, 
Be, U, Nb, Ta, Mo, W, arc also highly characteristic of granitic and 
granite-pegmatite dykes, while in the case of the apatite lodes 
and gabbro the elements Si, Ti, Fe, Mg, Ca, Na, P, and Cl are 
distinctive. This chemical analogy between the lode material 
and the enclosing rock, taken in conjunction with the regular genetic 
dependence of the former upon the latter, leads to the conclusion 
that the lode material comes from the particular eruptive concerned. 
'The extraction of this material however is not to be explained by some 
manner of segregation in the already consolidated rock, and the assumption 
remains therefore that this extraction proceeded during the magmatic 
condition of the eruptive. Moreover since the tin- and apatite lodes were 
formed immediately after the eruption of granite and gabbro respectively, 
and since at their formation halogen compounds were the active agents 
in the ])rocess, it follows that the extraction of the lode materials must be 
referable respectively to the action of hydrofluoric and hydrochloric acids, 
dissolved in the magma, or to fluorides and chlorides. Further, it appears 
reasonable to assume that SiF^ must be formed in the granitic magma and 
that therewith on the one side acids with weak affinity for their bases, such 
as for in,stance stannic, tungstic, and uranic acids, would together with phos¬ 
phorus and boron be extracted, and on the other side a strong ba.se such 
as lithium. The assumption of an acid extraction taking place in the 
granitic magma explains at the same time the concentration of several of 
the elements particularly associated with tin. For the apatite lodes like¬ 
wise it provides an explanation particularly of the concentration of the 
compounds of phosphorus and titanium. 

In some parts of the world, as for instance in the Straits Settlements, 
Cornwall, the Erzgebirge, etc., granite is almost invariably accompanied by 
cassiterite, while in other granite districts thut mineral is unknown. In 
the whole of the Scandinavian peninsula for instance, apart from some 
immaterial occurrences, no deposit of cassiterite is known, in spite of the 
enormous distribution of granite. 

Allied to the tin lodes proper in the restricted sense of that term are the 
tin-copper lodes of Cornwall and of the Herberton district, Queensland, 
etc.; the tin-wolfram lodes of several localities; and the wolfram lodes 
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without tin. To this group belong also the cryolite deposits of Greenland 
and perhaps also some but little investigated apatite lodes in the granite 
of Zarzala in Spain. All such deposits as these, are to be regarded as 
pncumatolytic facies genetically closely connected. 

Somewhat more distant g(metically are tjlie Alpine titanium lodes 
investigated formerly by Daubree ^ and more recently particularly by 
E. Weinschenk.^ According to the latter authority these an? “ character¬ 
ized chiefly by the juescnce of a .small amount of titanic acid, besides which 
in some of the occurrences, molybdenum, wolfram, and beryllium are also 
present; the principal gangue minerals of these lodes are cjuartz, felspar, 
apatite, and calcito. . . . On the one hainl the firm conviction of a common 
dependence of those Alpine titanium lodes upon the granitic mass is obtained, 
though on the other hand it is plainly recognized that the formation of these 
titanium occurrences of the Central Alps may not off-hand be considered 
as the ecpiivalents of the tin lodes, but between the two classes of 
deposit there exist fundamental differences based upon the manner of 
their formation.” 

Again, with the contact iron deposits tin lodes have this in common, 
that both represent the expiring stages of an eruption, such eruption being 
principally of granite. It must nevertheless be conceded that the chemistry 
of processes which have for result the formation of two distinct classes of 
deposit must hav(^ been fairly different, though the tourtnalinization of 
many contact rocks, the appearance of axiuite in some contact iron 
deposits, and the occasionally abundatit occurrences of specularite and 
magnetite in some tin lodes, remain as distinct analogies between the 
two. As already stated ® the deposit of Pitkiiranta in Finland, and that 
of Bchwarzenberg in the Erzgebirge, etc., may be regarded as connecting 
links between the tin lodes on the one side and the contact iron dej)osits 
on the other. 

Between the tin lodes and the sulphide or lead-silver lodes the old 
French school essayed to draw an absolutely sharj) line, sonm disciples of 
that school even going so far as to divide all lodes into two main divisions, 
the, fdons slanniferes, the fumarolic products of granite; and the filoris 
sidphures diles j)lmnbiferes, the deposits from thermal waters, these latter 
having been considered by some to be invariably connected with basic 
rocks. Just as this last statement is of a certainty not correct, so also, 
in view of such clear cases of transition as are foui\d in Cornwall for 
instance, can no such sharp division as the above be maintained. In 

^ ilesum6 in Eludes syntketiquest 1879. 

“ ‘ Die Minerallagerstattcn clcs Gr()88.Vcncdif!er Stockes; ein Beitrag zur Zenntnis cler 
Alpinen Minerailageratatten,’ Zeit.f. Krysl. u, Min. XXVJ., J896. 

» An(e, p. 352, 405-411. 
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that tin field many lodes carry approximately equal amounts of tin 
ore and of sulphide copper ore, the latter also being often accompanied 
by .tourmaline, etc. Further, there are in Chili many co])j)er lodes which, 
though they contain no tin, have this in common with the lodes of 
Cornwall, that they contain much tourmaline. At Telemarken in Norway 
also, sulphide copper lodes are known to have all the distinguishing marks 
of tin lodes, i;o contain mica, tourmaline, fluorite, etc., to be eonnccted 
with granite, and to bo marked by an alteration of the country-rock some¬ 
thing in the nature of greisen formation, yet to contain no tin, the jilaee of 
this being taken by copper. Further, in the Erzgebirge as well as in 
Cornwall many connecting links may be observed between the tin lodes or 
tin-copper lodes on the one hand and the ordinary lead-silver lodes on the 
other. The silver-tin lodes of Bolivia described by A. W. Stelzner are in 
this connection particularly pertinent. 

The filons slannifhes and th<‘ filoiis plombtferas are it is thus seen 
connected with one another by certain transition or intermediate members. 
That this is so however does not remove the extremely sharp and remarkable 
differences between representative types of the two classes. Though 
cassiterite for in.stancx^ is found with much stannite in the Boliviai> lodes 
and as microscopic crystals in the sphalerite of the pyritic lead lodes of 
Freiberg, and though similarly the sulphide lead lodes in the neighbour¬ 
hood of Argclhze (lazost in the North Pyrenees near the surface carry 
galena with cassiterite, such occurrences do not however alter the fact 
that the association of tin with sulphide lead-zinc ores is a rare occurrence. 

Apatite so charactcri.stic of the tin lodes is just as little observed in 
the sidphide-gold and lead-silver-zinc lodes as is tojiaz. On the, other 
haiul another mineral typical of the tin lodes, wolframite, sometimes occurs 
in lead-silver lodes, as for example, in association with fluorite, near 
Neudorf in the Harz, and in some other geologically allied occurrences. 
Uranium ores are more often associated with cassiterite, yet the chief deposit 
of radium-bearing pitchblende, that at St. .Joachimstal in the Erzgebirge, 
is connected not with cassiterite but with silver-bismuth-cobalt lodes, 
which lodes however, it must be admitted, are to be regarded as genetic¬ 
ally connected with granite. 

Generally speaking tin ore does not occur in massive but rather 
in fine veins and impregnation fractures, or distributed throughout 
a greisen zone. Upon weathering, the rocks in which these various 
deposits occur surrender their ore to form tin gravels. In such gravel- 
deposits all those chemically resistant minerals collect which at the same 
time possess high specific gravity and the necessary hardness, and accord¬ 
ingly cassiterite, quartz, tourmaline, zircon, wolframite, etc., are found 
together. Felspar on the other hand disintegrates to a clay which together 
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with mica is washed away. Another economically important result of 
weathering is that the arsenopyrite, which often occurs plentifully in the 
primary deposit, and the sulphides of copper, bismuth, etc., in conse¬ 
quence of their decomposition, are not found in the tin gravels, the con¬ 
centrate from which yields accordingly a very pure metal. 

In the time of the Phoenicians, Greeks, and Romans, the tin gravels of 
Cornwall, Galicia in Spain, and Lutitavier in Portugal, playetj an important 
part, though all are now practically exhausted. On the other hand the 
tin prod>iction of Australia to-day includes much which is derived 
from gravels, while in the Straits Settlements, including the East Indies 
generally, the tin ore won is almost entirely gravel-tin. It may indeed be 
reckoned that at present about three-quarters of the world’s annual pro¬ 
duction of tin is derived from gravel-deposits, chiefly those of the Straits, 
and but one-quarter from lode-tin, this being chiefly from the tin-silver 
lod('s of Bolivia and the tin lodes of Cornwall and Australia. 

Pigures of tile tin production of the world are given in the following 
table wherein those for Bolivia are the, calculated contents of the ex¬ 
ported ore. 
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To these figures must be added the local consumption in the Straits 
and neighbouring countries, the production of China, and the small pro¬ 
duction of Mexico, the last being at the most 50 tons. Other statistics 
have already been given.^ 

The ore hoisted from the richest of the tin mines in Cornwall generally 
yields 2-5-3 per cent of casbitcrite or approximately 1-75-2 per cent of 
metallic tin, though the majority of the mines only produce ore con¬ 
taining 0-7-1-5 per cent of tin. Those of the Erzgebirge, when formerly 
working, delivered ore with 0-2-0-5 per cent. 


AnUt pp. 207, 208. 
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The Saxon-Bohemian Eiwoeihrge 
LITEKATUHE 

B. VON CJoTTA. Die Lehre von den Erzlagerstiitten, 1801, Vol. II.—H. Muller. 

‘ Bildung dor Zinnstofkwerko,’ B. u. H. Ztg., 1865, p. 178.—E. Reyer. ‘ Zinncrzfuhrende 
Tiefeneruptionon von Altcnb(.‘Pg und Zinnwald,’ Jahrb. d. k. k. gcol. Rcichsanst., 1878 ; 
Geologio deaZinnos, 1881 .—A.W.Stelzneu. ‘ Die Granite von Geyer und Khrenfriedersdorf, 
sowie die Zinneiydagerstiitten von Geyer,’ Bcitr. z. geogn. Kcnntn. d. Erzgeb.. I , J'Veibcrg, 
1865.—K. Beok. ‘ Einigo Beobaohtungen im Gebiete der Altenberg-ZiiinwaUlcr Zinnerz- 
lagorstatton,’ Zoit. f. prakt. Gcol, 181)0, p. 148.—K. Dalmer. ‘Der AltcnborgdJraupcner 
Zinnerzlagerstaltcn distrikt,’ Zoit. f. prakt. Gcol., 1894, p. 313 ; il>id., 1895, p. 228 ; IHOO, 
p. 1 ; 1897, p. 205. 

Explanatory texts to the geological map of Saxony with drawings of oro-de]»osit3, in 
part by H. MiiLiiKii; sections Eibenstock, 1884, and Kalkenstein, 1885, by Soiiroueh ; 
sections Johanngoorgenstadt, 1885, Dippoldiswalde-Frauenstein, 1887, and (Jlashuttc* 
Dippoldiswalde, 1888, by ScirALCii; sectioiiH Auerbach-Tiongefehl. 1885, and Altenbcrg- 
Zinnwald, 1890, by Dalmek. 

The Saxoti-Bohcrniaii granite, as illustrated iu Fig. 200, is chiefly 
arranged in two occurrences which, extending north and south, interrupt 
the gneiss-phyllite formation of the Erzgebirge. Of these two ocCTirrences 
the westerly extends from Carlsbad in Bohemia to near Sehneeberg in 
Saxony ; and the easterly from 'replitz through Altenhcrg-Zinnwald to 
Dippoldiswalde or thereabouts, tliroughout which extent it is accompanied 
by acid porphyries of Permo-Carboniferous age. 

With this granite the Erzgebirge tin occurrences ai'o most closel}' 
connected. The deposits arc distributed as follows : in the eastern area, 
at Graupeii in Bohemia, Zinnwald on the frontier between Saxony and 
Bohemia, at Altenberg and several places near (lla.shiittc and Dippoldis¬ 
walde; in the western area, at Schlaekenwald, Flatten, Johanngeorgenstadt, 
and at Eibenstock in Saxony ; east of this again, yet in the neighbourhood, 
at Geyer, Greifetistein, and Ehrenfriedersdorf; while Marienberg and Seiffen 
are fairly isolated occurrences about midway between the two granite 
areas. 

Generally speaking, in the district which includes Graupen, Zinnwald, 
and Altenberg, three eruptive rocks present themselves for consideration, 
these being ilie Teplitz qnartz-jiorphyry, which is the oldest, then granite- 
porphyry, and finally the stanniferous granite, this being the youngest. 

Form of the Deposits. —For quite a number of these occurrences stock- 
works are characteristic. With thi.s type of deposit not only the granite 
but also the adjacent country-rock is usually so traversed by veins and 
impregnated, that the whole mass must be mined. This at Altenberg is 
900 m. long and of an equal width. In other places, as for example at 
Zinnwald where the granite has actually broken through the Teplitz 
porphyry, the ore, as illustrated in Fig. 265, occurs as lode-like floors, 
Fl6ze, following the flat jointing of the granite. These flat lodes do not 
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run quite parallel to the granite outline, but bending upwards like a 
basin or a watch-glass, they pass out into the country-rock. The lode 



material, which may be 2 m. in width, as illustrated in Figs. 117 and 146, 
usually exhibits a well-defined and often symmetrical structure. Of the 
different minerals present, mentioning only those of any importance, lithia- 
mica is the oldest, following which come wolframite, quartz, cassiterite, 
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and then scheelite, the youngest of all. It is usually the case however 
that more than one generation of (juartz and cassitorite may be distin¬ 
guished. A third type of deposit is represented by the steeply inclined 
lodes, which when they occur in the quartz-porphyry, as they often do, 
are occasionally crossed by dykes of a close-grained granitic rock. At 
Geyer and elsewhere a pegmatitic granite of very coarse grain, occurring 
between the ordinary granite and the country-rock, and consisting of in¬ 
numerable segregations chiefly of (piartz or fels])ai', is under favourable 
conditions worked for these minerals. The felspar in some places is so 
decompo.sed that the resultant kaolin is worked. 

As pointed out by Dalmer particularly, the tin-de|)osits in the I'lrzge- 
birge occur most fre(piently in the upper portions of the granite and in 
the mantle of country-rock, while deej)er into the central portion of the 
granite they are either sparingly present or are entirely absent; at Alten- 
b(U'g for example the ore continues to a depth of 230 m., below which it 
is no longer worth working. The deposits arc not limited to the granite 
and porphyry but occur also in the. surrounding slate. The tin lodes 
for instance at Sauberg near Ehrenfriedersdorf north-cast of Geyer, arc 
found in bands, so-called Time,, in mica-schist, with beautiful crystals 
of cassiterite, apatite, etc. Under analogous conditions lodes occur in the 
contact aureole of the large Eibenstock granite mass and also near 
Schlaggenwald, while the deposits at Grau])en, stated to have been 
worked since the twelfth century, lie partly in gneiss and partly in tpiartz- 
porphyry. 

From the occurrence of the tin lodes in the upper portions of 
the graniti', and from the fact of their intersection in places by younger 
granitic dykes, it must be concluded that the bulk of the vapour 
emanations were given off in the early stages of the, granite eru|)tion and 
were thus enabled to develop their mineral-building activity in the portions 
of the granite already consolidated as well as in the country-i'ock, under 
conditions of contacl-nietamorphism. 

The occurrences of tin ore, in the Erzgebirge and in Gornwall have 
])rovided the material for the geological and genetic investigation of tin 
lodes in general. At those places began also the minertilogical study of 
tin lodes and of the group of tin minerals, many of which ivee so char¬ 
acteristically developed ; for instance the knee-jhaped crystals of Saxony, 
Yisiergraupen, the zinnwaldite of Ziunwald illustrated in Fig. 117, the 
apatite of Ehrenfriedersdorf, the to|)az of Schneckcnstein,and the topazified 
granite of Geyer and of Zinnwald-Altenberg. 

The Erzgebirge tin lodes occasionally carry sulphide ores in addition, 
those at Sadisdorf and ScifEen for example which contain chalcopyrite. 
In the matter of their filling also they therefore resemble the tin lodes of 
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Cornwall. Since it can be shown that the lead-silver-zinc lodes in 
their upper levels also carry some tin there exists in this district no sharp 
demarcation between the tin lodes and those of lead-silver-zinc. 

The content of these Saxon tin-deposits like that of all other tin dis¬ 
tricts is low. At Altcnberg the lodes contain 0-1-0-9 per cent of cassiterite, 
and the zwitter ()-.3 per cent of metallic tin. The lodes of the Saxon- 



Flil. 207.—Cassilerite veins ami greisoii in tile AUtiiberg grauiti'. 


Bohemian Zinnvtald contain 0-2-0’8 per cent of tin and 1-2 per cent of 
wolframite ; the greisen with 0'2-0‘5 per cent of tin is poor in wolframite. 

The early beglnnings^of tin mining in Saxony date back in the case 
of Graupen to the end of the twelfth century; from this neighbourhood 
about 50 tons of zwitter are still obtained annually. Altenberg, discovered 
in the year 1468, produced in its early days as much as 300 tons annually, 
though the production for 1907, representative of the scale of operations 
to-day, was only 16-8 tons. It is probable however that, as with many 
tin districts, the early production at this place also, was derived from its 
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eluvial deposits, the situation of which relative to the lodes is indicated in 
Fig. 5. Zinnwald, where work was also begun in the fifteenth century, 
reached its zenith of production in the middle of the sixteenth, while 
to-day mining operations there are very limited. The relatively large 
amount of wolfram present was in 1898 responsible for a moderate revival 
to the extent that in that yeiir 50-6 tons of wolframite, 116-8 tons of lithia- 



I’nst-farbomrerOiis Tcplitz ttiaiiite- (lianito greatly 'I'm lode.s 

gianir^?. tpiart/- poijdiyij. altftred to 

pnrphyiy. gieivn. 


Flc. 2()8.—Section along an ea.slcrly line at Altenberg. lihiU dcr 

Spe\UdkaTtG von Idaclmn. 

mica for firework purposes, and 1-2 tons of cassiterito were juoduced. 
Bohemian Zinnwald in 1906 produced 49-9 tons of wolframite ; Saxon 
Zinnwald in 1907, 59 tons of wolframite and stanniferous wolfram ores, 
and 1-2 tons of cassiterite. At Geyer, mining, which began in the year 
1315, has now practically ceased, only a few tons of tin ore being pro¬ 
duced yearly. This is also the case at Ehrensfriedersdorf. The wolframite 
and molybdenite mines of Niederj)()bel near Sadisdorf in 1907 yielded 3-05 
tons of wolfram ore and 1-2 tons of molybdenite. 
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« 

In the granite masses of the Fichtelgehirge and in the surrounding 
contact-zones tin lodes occur wliich in olden times were worked. The best 
known of these is that at Weissenstadt. Beck examined the stanniferous 
lodes of Wernersreuth which traverse the gneiss on the Zinnberg. 
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Lodin. ‘ Note sur la conatitution doa gitos stannifcrcs do la Villodor (Morbihan),’ 
Bull. Soc. (Jeol. Ser. Vol. XII. p. 045, 1883-1884. —Baudot. ‘Lea Mines d’etain do la 
Villoder (Morbihan),’ Bull. Soc. Ind. min. de Saint-fiticnno, 3*^ Ser. Vol. I. p. 151, 1887. 

Tin deposits of the Saxon type are found in the Brittany granite near 
La Villoder, department Morbihan. Here a granite mass,' which towards 
the west extends to Baud and Lorniin^, is enveloped in Cambrian sand¬ 
stones and slates contact-metamorphically altered by the intrusion of the 
granite, one consequence of this intrusion being that both granite and 
slate in the neighbourhood of their contact are traversed by veins of cas- 
siterite, much as in stockworks. The principal material of these veins is 
quartz, which is accompanied by cassiterite, apatite, fluorite, molybdenite, 
arsenopyrite, pyrite, sphalerite, chalcopyritc, galena, etc. Toj)az and 
tourmaline occur but seldom, while wolframite is entirely absent. Minera- 
logically, this occurrence is rendered j)articularly interesting by the appear¬ 
ance of phenakite, the beryllium silicate ; economically it is without 
significance. 

At Tyriac, west of the mouth of the, Tjoirc, tin lodes also occur. On 
the Central Plateau the following discoveries of tin ore of the Saxon type 
arc worthy of mention : at Montebras, numerous veins ; ^ at Cieux, a 
lode almost 1 m. wide; at Vaulry, stockworks, etc. The veins of Monte¬ 
bras according to Vogt ^ are worked for andilygonite, the lithium phosphate. 

Spain and Portuciai. 

The deposits in this corner of Europe occur along a north-west lino 
extending from Zamora north of Salamanca, through the. north-eastern 
portion of Portugal to the province of Orense in (lalicia. The principal 
discoveries ’ lie in the eastern portion of the jirovincc Orense, at Penuta 
and Ilomilo, between Verin and Monterey, on the Portuguese boundary, 
among the Montesund Avion hills, and near Pontevedra. The lodes here 
occur in cry.stalline schists near a granite contact, being occasionally, as 
at Viana del Bollo, very rich. The continuation into Portugal appears 
in the province of Beira Alta at Vizeu, and in that of Traz os Montes, at 
Montesinhos, Parada, Coelhoso, Marao Angueira, Valle Seixo, etc. The 
lodes rea^h 0-5 m. in thickness, and occur sometimes in gneiss and some¬ 
times in decomposed pegmatitic granite. 

^ De Lannay, Traife den gites nmicraux, Vol. If. p. 142. 

* Trans. Amcr. Inst. Min. Kng., Uiohinond Meeting, 1901, p. 11. 

® J. Ahlburg, ‘ Die uutzbaren Mineralion Spaniens und Portiigals,’ Zeit. f. prakt. 
Oeol, 1907, p. 183. 
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Other tin deposits in the Iberian Peninsula occur at Tcrrulhas and 
•Santo Tome de Rozadas near Salamanca, at San Isodoro and Marinera 
near Cartagena, near Almeria on the south coast of Spain, and near Ramal- 
hoso in the neighbourhood of Araarank in Portugal. The gravel-deposits 
of Spain and Portugal were worked by the Romans and Phoenirians. 
Some idea of the present p’’oduction is afforded by figures of 47 tons and 
209 tons for Spain during the, years 1900 and 1905 respectively, and 81 
tons and 31 tons for Portugal during the years 1900 and 1901, 

Some of the lodes are rich in wolframite, and wolfram mining in conse¬ 
quence ap])ears at the moment to be developing more favourably. 'J'his 
ore however occurs not only with the tin lodes but also in special wolframite 
lodes. The best-known wolframite occurrences are those at San Finx in 
the province of Galicia, and at Montaro in Cordoba, but others are also 
known in the provinces Caccres, Salamanca, Orense, and Pontevedra. 
Ill 1905 San Finx produced 400-450 tons, Salamanca about 100 tons from 
gravcl-de[)osits, Pontevedra about 200 tons, Cordoba about 100 tons, and 
Caccres 25 35 tons. The total production from Spain varies extremely ; 
while for 1900 it was 1958 tons, in 1901 it was only 6 tons, though in 1905 
again it had risen to i]00 tons. The Portuguese output of wolframite is 
low ; in 1901 it was 90 tons. 
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183!>.—W. J. Henwood. ‘On the Metalliferous Deposits of C^unwall,’ 'IVuns. Hoy. («col. 
Soo., Ooniwull, V. 1843, and other pajicrs; Prosiilential Address, Hoy. Inst., Cornwall, 
1871.—L. Motssrnet. Ami. des Mines. Pans, Ser., XIV,, IH.')8; XV., 1859; Ser., II., 
18G2 Observations on the rich parts of the Lodes of Cornwall. 4’ruro, 1877.—C. lk 
Nnvii Fosticr. Papers, Trans. (Seol. fSoc. Cornwall, 1875, 1870, 1877, 1878 ; Minors’ Assoc. 
Cornwall and Devon, 1800, 1875; (^iiart. Journ., 1875, 1878.-—,). ii. (.'ollins. Various 
papers. Handbook to tlio Mineralogy of Cornwall and Devon. Truro, 1870. ‘On the 
Origin and Develn]>?n(5nt of Ore Deposits in the ^Vest of Kngland,’ in live jiarts, .lourn. Roy. 
Inst. Cornwall, 1890, 1892, 1893, 1895, and 1897. —Heyek. ‘/inn,’ 1881. —H. Hunt. 
British Mining, 1887.—A. Phillips and 11. Loins. A Trcati.se on Ore Deposits, 1890, 
pp. 191-240.—B, SoRiVKNOH. ‘'rile Cranite and Oreisen of (’rigga Head, Western 
('ornwall,’ Qufr.t. Journ. LIX., 1903.-'I'ho Memoirs of the Oeol. Survey of England; 
Oeulogy of (I)'Phe Land's End Distriet; (2) Of Camborne and IlodruUi; (3) Of Newquay; 
(4) Of Plymouth and Liskeard ; all of recent yeais, and others in ])roparation.—1). A. 
MacAlistek. ‘ Gcol. Asiicet of the Loilo.s of Cornwall,’ Econ. Gcol. III., 1908. 

The Cornish peninsula, including the adjoining portion of Devonsdiire, 
is occupied in greater part by Palaeozoic strata, represented'chiefly by 
Devonian and to a less extent by (,'ambrian, Silurian or Ordovician, and 
Culm, the distribution of these being as given in Fig. 2(;9. Among these 
strata, clay slates, in places much contorted, and known locally as ‘ killas,’ 
are widely distributed, while with them the serpentine of the Lizard, as well 
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as some gabbros, greenstones, etc., must also be reckoned. These ancient 
formations are intruded by five larger and several smaller roundish 
granite bosses which, when the occurrence in the Scilly Islands to the south¬ 
west is included, form an east-north-east line about 220 km. long. These 
doubtless all belong to one connected occurrence beneath, from whence their 
eruption took place in late Carboniferous or post-Carboniferous time. The 
several masses^ wliich as illustrated in Fig. 163 generally extend in depth 
at a low angle, determine in greater part the relief of the country and the 
configuration of the peninsula, while their effect upon the surrounding 
strata has been to produce pronounced contact-metamorphism. 

From these as centres, numerous apophyses locally known as ‘ elvans ’ 
proceed, these consisting chiefly of quartz- or fel.site-porphyry of the same 
composition as the granite.^ Such elvans vary in thickness from 1 m. to 
100 m. or perhaps even more, while along the strike they may occasionally 
be followed for 20 km. Their general direction is usually cast-north-east, 
that is more or less in agreement with the strike of the slates and 
parallel with the line of the granite masses. Around the margins of 
these latter the tin and copper lodes occur, partly within the, granite 
itself and partly within tsuch slates as have s>iffered contact-metamori)hisra 
and are freely 4;raversed by elvan dykes. As may be gathered from 
Fig. 260, it is seldom that such lodes are found more than 3 km. from the 
granite contact. Since in depth the granite masses underlie the slates, it 
often happens, as illustrated in Figs. 103 and 270, that mines which at 
the surface were started in slate, in depth enter the granite. 

The tin- and copper ores are found jrartly along the joint-planes of the 
granite, forming impregnation fractures, stookworks, etc., or they occur in 
proper tectonic lodes up to several metres in thickness, these being often 
characterized by a brecciated structure. The principal ores are:, cas- 
siterite, with some stannite; chalcopyrite, bornite, and chalcocite; 
arsenopyrite and other arsenic minerals ; wolframite and scheelite. Less 
important are totrahedrite, silver ore, sphalerite, bismuthinite, cobalt- and 
nickel ores, pitchblende, manganese ore, different iron ores, the phosphate, 
arsenate, an(T carbonate of lead, etc. The last-named, together with the 
oxides, carbonates, and silicates of copper, native copper, and some sulphide 
copper ores, arc secondary products belonging partly to the oxidation and 
partly to the cementation zones. , 

The most important gangue minerals are quartz, chlorite, tourmaline, 
fluorite, and kaohn. The abundance of tourmaline and the frequent 
tourmalinization of the country-rock, whether that be granite or slate, are 
remarkable features of these lodes. Where the walls are of calcareous 
hornstone the tourmaline is replaced by the lime-boron silicate, axinite; 

' J. A. Phillips, Quart Jmrn., 1875, p. 334. 
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the granite in the neighbourhood is also often kaolinized; topaz on ^ 
the other hand does not often occur. 

The lodes of Cornwall afford typical examples of lode-relations of all 
kinds ; of intersection often accompanied by rich ore; of junction; 
deflection ; drag ; displacement; etc. From observation of the effect of 
these relations it was endeavoured at one time to construct laws defining 
the ore distribution, particularly in relation to the strike. Moissenet even 
went, so far as to treat the question mathematically, without however 
arriving at any definite result. 

Tin- and copper ores occur sometimes intimately associated in the 
same lodes. In such cases near the surface the copper of the original 
sulj)hide ores has been removed and in greater part deposited as secondary 
ore in the cementation zone. The cassiterite under the same circumstances 
suffers no migration and it therefore results that such lodes in their upper 
levels are particularly worked for tin. Cornwall however not only offers 
good examples of secondary depth-zones but is remarkable also for its 
striking primary zones. Copper ores prevail in the comparatively 
shallow levels, while those of tin only occur to any extent in greater 
depth. In the case of Dolcoath, the most productive and at the same time, 
the deepest mine in the district, copper ores almost exclusively were worked 
to a depth of roughly 300 m. Below this there followed a zone in which 
both metals were well represented ; while deeper still, to the present depth 
of about 950 m., tin ore occurs almost exclusively. As will be seen from 
the stoping plan given in Fig. 270, work at this mine first began in the 
jlate, the granite only appearing in depth. The boundary between these 
two rocks coincides ap|)roximately, though far from exactly, with that 
between the areas worked respectively for copper and tin. Similar primary 
depth-zones have been observed in several other mines. 

Besides these tin-copper lodes wherein the amount of galena is un- 
imjjortant, lead-silver lodes are also found in the slates, though at greater 
distance from the granite. These strike approximately north-south or 
roughly at right angles to the slates and represent a later formation, pre¬ 
sumably of Tertiary age. In other respects also they are (juite distinct 
from the tin-copper lodes and are therefore not to be regarded as 
pneumatolytic or pneumatohydatogenetic effects in connection with the 
granite intrusions. , 

Not many decades ago 180 mines were, at work in this West of England 
region, 9 in the neighbourhood of Tavistock in Devonshire, and the 
remainder in Cornwall, more especially around the two western granite 
masses. Since 1890 however the scale of operations has considerably con¬ 
tracted and in 1896 there were but 17 mines producing as much as or more 
than 100 tons of ore yearly. The most important tin mines include those 




Fig. 270. —Longitudinal section of the Main Lode, Dolcoatli. Neve Foster. 
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of St. Just, to the extreme west, where some of the lodes, as indicated in 
Fig. 162, are being worked under the sea; those of St. Ives also to the west; 
and those at Camborne and Redruth situated somewhat more towards the 
east. Among the latter are Dolcoath, Cam Brea, Tincroft, and Cook’s 
Kitchen. The mines at St. Austell are centred around the third granite 
area farther to the east. ' 

Those mines which formerly were the most important copper mines are 
found in the neighbourliood of Redruth, Gwennap, and St. Agnes. The 
uranium mine near Grampound on the third granite area works only for 
uranium ore, of which it produces about 20-30 tons annually. 

In ancient times the gravel-tin deposits of Cornwall and Devon 
were very important. Work was continued upon these right through 
the Middle Ages and up to the commencement of the last century. 

The total production of this mining region in copper and tin may be 
gathered from the followiTig figures : 

Total Tin Produclton. 

I201-174<) .... ahout 712,0(K) tons. 

17.70-.190S .... „ 75S,000 „ 

Gravel Tin Prodnelion, 

1201-1600 .... about 7.7,000 tons. 

1001-1800 .... „ 473,000 „ 

Total Capper Prodiielion. 

1.701-1725 .... about 20.000 tons. 

1720-1905 . 88.3,000 „ 


I’EonticTioN Iff Rkcf.nt Years 



Tons of Tin yearly. 

'J'tais of Copper yearly. 

1820-1840 

3..700- 0,.700 

10,000-15,000 

1850-18.79 

0.000- 7,000 

1.7,00(4-20,000 

1800-1869 

8,000-10,000 

10,000-1.7,000 

1870-1879 

9,000-10,500 

3,500- 8,000 

1880 

9004 

3600 

i 1885 

9484 

27,70 

1890 

97.72 

900 

189.7 

0755 

600 1 

1900 

4330 

700 

11905 

4538 

500 

1908 

4600 

700 



, ... — . - 


The considerable decrease in the amount of copper recently produced 
has resulted in part from the passage of some of the most important mines 
out of the copper zone into the deeper tin zone, and in part from the cessa¬ 
tion of work on many mines worked for copper. The total production of 
the lead-silver mines from 1848 to 1884 amounted to 63,600 tons of lead 
and 90 tons of silver. These mines have now long been stopped. 
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The Straits Settlements includino Banka, Billiton, etc. 

LITERATURE 

R. I). M. Verbeek. ‘ Geol. Beschrijving von Bangka cn Billiton,’ Jaarb. von het 
Mijnwozen in Nedorlandsch Cost Indio, 1897 ; reviewed by R. Beck, Zeit. f. prakt. Gool., 
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The Malay Peninsula and the islands of Banka and Billiton, consisting 
in greater part of granite, form together the most important tin region 



ITo. 271.—Laiiilscapo .-it Suiisei Raia in Perak ; showing precipitous liiiiestoiie masse.s rising 
out of alluvial deposits ni which to tlie right a gravel mine is lieing worked. Granite hills in the 
distance. Wolff. • 

of the whole world. The cassiterite here is almost exclusively won from 
gravel-deposits although there are mines working primary deposits. Some 
idea of the disposition of these gravel-deposits in regard to the present sur¬ 
face is afforded by Figs. 271 and 274, kindly supplied by Dr. Wolff. Mimng 
in these countries takes rather the form of large and often deep excavations 





Fia. 272.—General map of 
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than that of systematically planned mines. Louis however in 1899 
mentioned a mine proper, 105 m. deep, in north-east Pahang. 

According to Warnford-Look and Scrivenor the different deposits 
are variously primary and secondary. Cassiterite occurs as a primary 
constituent of the granite though nowhere has it by differentiation been 



Fio. 273.—Openciit of tlie Tliilmian Tin Co., near Intaii, Perak, 
* showing wide sliatterotl lode in slate. 


concentrated sufficiently to form a payable deposit. The more important 
primary deposits occur when small veins containing cassiterite are so 
numerous as to constitute a stockwork. Such occurrences are found 
associated with greisen in the granite. In addition to cassiterite these 
veins contain quartz, mica, tourmaline, etc. Tin lodes have not yet been 
found in the surrounding slates though the chance of eventual discovery 
is decidedly good. Tin-bearing pegmatite is not unusual. At Bruseh and 
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Meru in the neighbourhood of Ipoh in Perak, such material is exploited. 

• The association there of cassiterite with ferric oxide is particularly inter¬ 
esting, in that this oxide is probably the oxidation product of a sulphide 
existing in depth. The appearance of much tourmaline is from experience 
often taken to indicate greater richness in cassiterite. 

In addition to their occurrence in granite, tin lodes also occur in lime¬ 
stone. The mine worked by Foo Choo Choon near Siak in the neighbourhood 
of Batu Gajah exploits such a lode. In that wide lode, which often shows 






'»' . 


Fio. 27t 0)ielicilt woikiTigs at .Tolapaiig, near Ipcili, Pi-rak. Oravel-ilepohit upon limeatoiie. 
Graiiitii lulls in the distance. Wolff. 


enusted structure, crystals of cassiterite up to one-quarter of an inch in length 
occur in quartz, together with arsenopyrite and other sulphides, though 
tourmaline appears to be absent. At Changkat Parit, in^a similar lode, the 
cassiterite is accompanied by a large amount of pyrite, arsenopyrite, and 
rich copper sulphides. Outside of the Straits the occurrence of tin lodes 
in limestone has only so far been definitely established at Campiglia Marit- 
tima in Tuscany.^ 

The association of sulphides and cassiterite has this importance, that 
in this regard the primary deposits in the Malay Peninsula occupy a position 
intermediate between the Saxon type on the one side and the Cornish type 
‘ Ante, pp. 40a-411. 
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on the other. P’urther, the association of cassiterite with limestone and 
marble indicates a relationship of the tin-deposits with contact-metamorphic » 
deposits. 

The extensive gravel-deposits are not entirely alluvial but include 
some which are eluvial, while in addition deep pocket-fillings in the lime¬ 
stone are worthy of notice. These latter have supposedly been formed when 
the limestone has been so removed by weathering that the overhanging 
deposits have broken into fragments which have then been carried by water 
into the pockets where now they arc found with the clayey residuum of 








Fid. 27.'t - Ilyilraulickiug at the G'lpeiig tin mine, Perak. WollT. 


the limestone and other rubble. In these pockets the association of 
cassiterite with newly formed pyrite is interesting. ^ 

These gravel,-dcpo8its are in greater part of Quaternary age. Their 
great extent is chiefty owing to the intense denudation suffered in the 
tropics. In sinking to them from the surface, the overburden, consisting 
of the unpayable beds of sand and clay, has first to be passed. This at 
Billiton is 4-6 m. thick ; at Banka 8-12 m. or even at times 16 m. Below 
this, and generally directly upon the solid rock, the ore-bed is found. This 
is generally about 0'l-0-2,6 m. thick though occasionally it may reach as 
much as 1-00 m. At Banka and Billiton it usually contains 2-4 per cent 
of cassiterite. In the Malay Peninsula the deposits, when the overburden 
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is included, generally yield 0-1-0-15 per cent by weight of cassitcrite. The 
principal minerals of this ore-bed are quartz, tourmaline, muscovite, horn¬ 
blende, topaz, and sapphire; while,besides the tin ore, wolframite, scheelite, 
magnetite, and monazite often occur, and gold now and then. The 
material of the ore-bed is washed and concentrated in a primitive manner 
till a cassitcrite concentrate with 08-73 per cent of metallic tin is obtained, 
this being often smelted on the spot. 

These deposits of the Malay Peninsula were already known in ancient 
times, while in the Middle Ages they were worked to an extent sufficient to 
supply the large demand of China and India. Production in Banka began at 
the commencement of the eighteenth century, while in Billiton this was 
not the ca.se till the early ’fifties of the nineteenth century. These two 
islands and the neighbouring small island of Siugkep lie to the cast of 
Sumatra, together with which they form part of the Dutch East Indies. 
The production of Banka has risen from 5000 tons annually during the 
years 1850-1880, to 10,000 12,000 tons per year latterly. From Billiton 
on the contrary the production, which from the 'seventies to the 'nineties 
was i(#00-5000 tons per year, has fallen to 2000 -2500 tons recently. The 
))roduction of Singkftp is small. In the Malay Peninsula, where mining 
in recent ycaK has advanced so remarkably * and where railroads have 
been made to the most im|)ortant occurrences, the deposits arc dis¬ 
tributed principally over the following federated States : Perak, Selangor, 
Negri Sembilan, Pahang, all of which with the exception of the last are 
on the west coast. The contributions of these different States are seen 
from the following table : 


Malay States, Pboduction of Tin in Pikcls * 



I’enik. 

Sclunyior. 

NeCri 

St'iniiilaii. 

I’ah.mg. 

'I’otal 

1000 

. . 

355, .ras 

209,490 

72,251 

15,733 

7Ut,002 

1901 

385,0«5 

302,598 

75,241 

22,339 

785,243 

1902, 

405,877 

278,307 

73,511 

23.113 

780,808 

i90;i 

43(i,242 

292,004 

85,405 

25,275 

839,040 

1904 

443,607 

300,412 

84,849 

27,409. 

850,237 

1905 

440,781 

289,807 

85,133 

34,879 

850,(iQO 

1900 

435,009 

208,024 

77,700 

34,488 

810,787 

1907 

431,380 

273,900 

75,155 

33,195 

813,030 

1908 

407,784 

282,540 

64,221 , 

39,620 

854,005 


I Plkul=00.-i kg. 


From 1890 to 1905 altogether 11,374,841 pikuls or almost 700,000 
tons of tin were obtained. In the latter year rouglJy one-half of the 

* Ante, p. 424. 
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production from Perak was obtained from nine large mines of which six ^ 
are entirely under European control. These and their outputs for 1905 
are as follows: 


Tronoh Mines ..... 

Plkuls. 

41,209 

Kampar and Lahat .... 

,89,710 

Tambun Mine, Ipoh . . . * . 

16,113 

(Jopong ..... 

12,136 

i.)uncari’8 Mine, t’handoriang 

.6,600 « 

Bruseh ...... 

4,100 

Foo Choo Choon’s Mine 

40,000 

Ny Boo Bee’s IVline, Kamunting 

Chang Ah Yoiig’s Mine, Taiping 

13,178 

15,164 

Total . 

186,210 


Australia 

In the different Australian States cassiterite deposits are well repre¬ 
sented, this being particularly the case in Tasmania, New South Wales, 
and Queensland. In Victoria, Western Australia, and South Australia, 
tin mining, at least at times, is also undertaken. In New Zealand h^ever 
cassiterite only occurs as a mineralogical curiosity. ^ * 

The principal deposits are of the usual type, that of lodes cither actually 
within or in the neighbourhood of granite, though exceptionally at Mount 
Bischoff the place of this rock is taken by quartz-porphyry. Near these 
primary deposits are others of detrital character, some of which are fluvia- 
tilc, while others are eluvial. In Fig. 18 the relative disposition of the 
primary and secondary deposits to one another in one particular occurrence 
is i^ustrated. In relation to age it is probable that in some occurrences 
the gravel-deposits are Quaternary, while others, such as the deep-leads, 
are Tertiary, or more particularly Miocene. 


Mount Blschopp in Tasmania 
LITERATURE 

Works of VON Ghoddeck, 1884,1886,1887, and von Fikcks cited on p. 412.—H. W. P. 
Kayser. ‘ On Mount Bischoff,’ Austr. Assoc. Ad. Sc., Hobart, 1892.—W. H. Twei.veteees 
and W. E. Petteko. •' On the Topaz-Quartz-Porphyry or Stanniferous Elvan-Dykes of 
Mt. Bischoff,’ ibid., 1897. 

The tin occurrence at Mount Bischoff, illustrated in Fig. 165, is economic¬ 
ally the most important in Australasia. The steep conical hill of that name 
consists of early Palaeozoic-—probably Silurian—clay-slate and quartzite, 
with some sandstone and dolomite, these rocks being broken and traversed 
by a number of quartz-porphyry dykes which meet more or less radially 
to form the framework of the hill. Seventeen of such dykes are known. 
West of this hill and about 3-6 kro. distant a granite mass comes to the 
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surface as part of a larger occurrence beneath. There can be no doubt 
" that the quartz-porphyry dykes come from the same magma as this granite 
and that they therefore represent but another facies of that rock, 

These same dykes since their intrusion have suffered an intense altera¬ 
tion within a circle of about 0-75 km. radius from the hill summit, beyond 
which, after gradual din.iiiution of intensity from the centre, it is no 
longer observable. In this alteration all the original components with 
the exception of zircon have been destroyed, while topaz, tourmaline, 
secondary quartz, siderite, cassiterite, arsenopyrite, pyrite, pyrrhotite, 
fluorite, etc., have been formed. An analysis of the quartz-porphyry thus 
topazified gave roughly 3.5 per cent topaz and 65 per cent quartz, with 
no trace of felspar or mica. In this percentage of quartz a considerable 
portion is of secondary formation. The alteration appears to have pro¬ 
ceeded in stages ; at first cassiterite and topaz were introduced, and then 
tourmaline, with wluch the siderite appears to be contemporaneous. 

Pseudomorphs of the felspars are found consisting of a mixture of 
topaz, cassiterite, and other minerals. It is interesting to note that the 
quar^dihexahedra of the porphyry have likewise suffered an analogous 
pseudomorphism. 1’lie adjacent slates too are often tourmalinizcd, though 
on the other hqnd no formation of topaz has been observed in them. The 
major portion of the primary ore occurs in the altered quartz-porphyry 
dykes and only to a subordinate extent in the altered slates. There are 
however, in addition, true cavity-fillings in the immediate neighbourhood of 
the quartz-porphyry, some which are larger and many which are smaller. 
These carry cassiterite, wolframite, arsenopyrite, pyrite, quartz, topaz, 
fluorite, pyrophyllite, etc., while in addition the country-rock along their 
walls is distinguished by the amount of sericitc it contains. 

Mining however concerns itself but to a subordinate extent with the 
primary occurrences ; more important are the detrital or gravel-deposits 
which lie on the surface, and which, at all events in part, must be regarded 
as eluvial. The softer schistose material, surrendering more easily to the 
forces of disintegration and erosion than the more resistant porphyry, 
left the dykes of this material standing, till by reason of their inchnation 
they broke and fell, exposing thereby their pieces to a m(»e effective attack, 
which eventually left the cassiterite in relatively concentrated form. 
ITuviatile deposits also occur though such are of little importance. 

Working in these detrital deposits are thr4e opencuts, known respect¬ 
ively as White Face, Slaughter Yard Face, and Brown Face. The last- 
named occurs at the outcrop of a zone traversed by numerous cassiterite 
veins, forming an occurrence which may be regarded as intermediate 
between a gossan and an eluvial deposit. The sulphides here are decom¬ 
posed to a depth of 90 m. or so, Umonite thereby resulting. 



446 


ORE-DEPOSITS . 


Miningat Mount Bischoff began at the commencement of the ’seventies, 
soon after which, in consequence of the richness of the detrital deposits, 
the undertaking became a brilliant success. The principal company, the 
Mount Bischoff Tin Mining Company, in the 30 years between 1870 and 
1900, distributed roughly £2,000,000 sterling in dividends. Up to tjie end 
of 1902 about 40,000 tons of tin had been produced. It is only recently, 
by reason of the exhaustion of the detrital deposits and because of the 
lower content of the primary deposit, that the production has receded. 

The most successful tin field of Tasmania in recent years is that where, 
in a post-Silurian granite, the Blue-Tier mines occur. Some of the lodes 
there lie almost horizontal, .showing thereby great resemblance to those 
of Zinnwald.^ 

The most important tin field of New South Wales lies in the Vegetable 
Creek district, near the Queensland border. In that field also, ore is only 
found in a contact-zone between granite and clay-slate, which zone accord¬ 
ing to Louis has a width of about 2-.5 km. Roughly speaking one-third 
of the production so far from this colony has come from l()de.s, while the 
remainder has been derived from gravel-deposits. 

The tin lodes of Queensland, both geologi<^ally and topographically, 
are a continuation of those in New South VV’ales just meptioued. Iler- 
berton district, which for many years past has yielded the largest portion 
of the total production, lies in a rocky granite country. The lodes carrying 
tin- and copper ores, together with wolframite, bismuth ores, etc., may best 
be compared with those of Cornwall.* Approximately two-thirds of the, 
tin production of Queensland comes from lodes and one-third from gravel- 
deposits. 

Tin mining in Victoria, Western Australia, and South Australia, is 
of less importance. At (Ireenbushes in Western Australia, as illustrated 
in Fig. 18, tin lodes, occurring in granite, are associated both with Iluviatile 
and eluvial deposits. Tourmaline is strikingly abundant at this place, 
while the presence of niobium- and tantalum minerals renders the occur¬ 
rence more than usually interesting.® 

In Victoria and New South Wales tin was discovered in th« year 1853. 
The cassiterite wan was at first shipped ; smelting in the country itself 
only began in 1867. 


* 'rwolvetrcea, ‘Outlines of fhc Geology of Tasmania,’ Auslr. A/iaoc. Ad. He., Ifl02 ; 
reviewed, Zeil. f. praH. (leol., 1002, pn. 27.'!-278. 

^ W. Edlingor, ‘ t)ber die Zinnerzlagerstatton de.s Herberton-Oistrikts,’ Zieil. f. 
prakt. Oeol., 1908. 

“ Krusch, ‘ Zinnorzlagerstatten von Groonbuslics,’ Zeil. f. prakt. Oeol, 190,2, p. 378. 
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United States of America 

The occurrence of cassiterite lias been established at many places 
in the United States, sometimes in primary deposits in close connection 
with granite, and sometim6« in detrital deposits ; but though mining has 
been attempted, it has never yet achieved any success, and to-day in this 
country, so rich in all other metals, no tin is produced. 

The occurrence in the Black Hills of South Dakota have so far attracted 
the greatest attention. There within two small round granite masses a 
largo number of coarse-grained pegmatite dykes or lodes occur which carry 
cassiterite, tantalitc, a mineral thought to be columbite, arseno|)yrite, 
auriferous chalcocite, ipiartz, orthoelase, albite, mica, spodumene, beryl, 
apatite, triphyline, etc. The crystals of spodumene are gigantic, .sometimes 
reaching a length of 12 m. In general these lodes have a banded structure 
with mica on the walla. 

As previously mentioned,^ some authorities class these occurrences 
with magmatic segregations. It is however rather a question of 
the introduction of certain ingredients, such as tin, tantalum, lithium, 
phosphoric aci^, by pneumatolytic processes, such introduction having 
undoubtedly taken place during the magmatic period of the rock. The 
presence of greisen may also bo observed. 

Small amounts of cassiterite have also been won in Wyoming and in 
the Tewescal Mountains of South Carolina, in North Carolina, Maine, 
Hampshire, and in Alaska. (Iravel-tln has been found in Montana and 
Idaho, and together with gold in (ialifornia, Alaska,^ and at other places.* 

The tin occurrences in Me.xico differ from the usual typo in so far that 
they are not found in connection with granite but with rhyolite, the lava 
representative of the arid rocks. 4'he mineral association is however the 
same as with normal granite. The depo.sits occur more, particularly at 
Cacaria and I’otrillas in Durango, and at Tcscaltiche in .Jalisco, but also 
at many other places, along joint-planes and fault-fissures in rhyolite and 
rhyolite tuli They carry kaolin, quartz, chalcedony, opal, and felspar ; 
together with spccularite, fluorite, topaz, durangite, and,more rarely wol¬ 
framite and bismuth ore. Durangite is an arsenate of alumina and iron 
oxide, with sodium-lithium fluoride. It is worthy of remark that the tin 
won from these deposits contains a striking amount of antimony. Gravel- 
deposits have also been known in this eountry. Some tin was won as far 

r Ante, n. 347. 

2 A. J. (WUcr, C7..S'. (Uol. Sumn, Bull. 2.79, 190,7. A. Knopf, ibid.. Bull. 3.78, 1908. 

’ Cited in Kemp’s Ore Dejmite, Mineral Resources of the. United .Stales, ami in The 
Mineral Industry; upon the Black Hills, especially VV. P. Blake, Amer. ./ourn. Re., 1883. 
1885 ; Trans, Amer, Inst, Min. Eny. XUI., 1885. 
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back as the time of the Aztecs, since when production has continued 
at different periods, though the amounts obtained however have only ^ 
exceptionally been as much as 40 tons per year.'^ 

In South Africa also cassiterite has been met in more than one place 
in granite or in the near neighbourhood of that rock; in the Transvaal 
for instance and in Swaziland. At the latter" place the occurrence is in 
dykes of granite-pegmatite.'^ , 


The Wolfram Deposits 

Wolframite, (Fe, Mn)WO^, Hiibnerite, MnWO^, and Scheelite, C'aWO^, 
are found in most tin lodes, sometimes in such considerable amount that 
the wolfram ores are recovered as a valuable by-product with the ca.ssi- 
terite. Such is the case at Herbcrton in Queensland, in Cornwall, and at 
Zinnwald and Altenberg in the Erzgebirge. In addition, there are other 
lode-districts in connection with granite where wolframite is the principal 
ore and where cassiterite is subordinate, as for instance at Panasquiera in 
the Province of Beira Baixa, Portugal. Finally, there are other occiteences 
of wolframite where cassiterite is absent or practically so. All these lodes 
nevertheless must be classed with the cassiterite group. 

As typically representative of those wolframite lodes which arc without 
tin, the deposits described by Bodenbender as occurring at Sauce, Calurnichita 
in the Sierra de Cordoba in the Argentine, may be mentioned.'* There, 
at a height of some 1750 m. above the sea, sometimes in granite and some¬ 
times in the surrounding crystalline schists, quartz lodes occur, containing 
wf^framite, secondary scheelite, sulphide copper ores, molybdenite, sericite, 
quartz, apatite, fluorite, etc., but no cassiterite. The wolframite carries 
niobium. In the recent description of the wolfram-deposits in the Argentine 
by 0. von Keyserling,^ among other features attention was particularly 
called to the absence of cassiterite from these deposits. Tourmaline is 
found in quantity in some of the lodes, fluorite on the other hand seldom 
occurs, while topaz has only been established in one occurrence. 

Beck ® recently described wolframite-quartz lodes with tourmalinized 
country-rock in tire outer contact-zones of a tourmaline-granite at Tirpers- 
dorf near Oelsnitz in the Saxon Erzgebirge. In that district cassiterite 

’ W. E. IngalU, ‘ The Tin-Ooposits of Durango, Mexico,’ Tram. Amer. Imt. Min. 
Eng. XXV., 1895, and XXVII., 1897; C. W. Kompton, ibid. XXV., 1895; Halse, 
ibid. XXIX., 1899; F. von Eichthojen, Zeit. d. D. deal. Oes., 1869, p. 737 ; F. A. Gonth, 
Proc. Amer. Phil. Soc. XXIV., 1887 ; J. L. Klein.schmidfc, Berg- u. Huttenm. Ztg., 1883. 

* L. de Launay, Lea Bichesaea mineralea de VAJrigue, Parip, 1903 ; H. Meronsky, 
Papers, Zeit.f. prakt. Qeol, 1904, 1908 ; R. Beck and F. W. Voit, ibid., 1906, 1908. 

’ Zeit.f. prakt. Qeol., 1894 ; Bol. Acad. Nacional de Cienciaa de Cordoba, XVI., 1900. 

" Zeit. /. prakt. Qeol., 1909. 

0 Ibid., 1907. 
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is also absent as it is from some wolframite lodes occurring at Sadisdorf 
* near Altenbej;g in the Erzgebirge, though the associated minerals, molyb¬ 
denite, chalcopyrite, arsenop 3 rrite, quartz, lithia-mica, fluorite, and apatite, 
are present. 

According to The Mining Industry, XI., 1906, numerous quartz lodes 
with wolframite and scheeHte occur in the Sorpresa mine. Las Caberas, 
Spain, along i^e contact between granite and Cambrian slate. 

Some of the most productive wolfram mines in the United States at 
present are found in Boulder County, Colorado, where the ore occurs in 
close connection with some approximately parallel andesite dykes which 
traverse slate and granite. According to W. Lindgren however' these 
wolframite-quartz lodes may probably be connected with the granite. 
From this district about one-third of the world’s production of wolfram 
is now derived. In Kern County, California, scheelite is exploited 
in lodes which at first were worked for silver and lead and which 
therefore in all probability do not belong to the tin-wolfram group. In 
Brazil near Bncrucilhada, more particularly in the Progresso mine, 
wolfta’* lodes occur, which of late have been very productive. The ore 
there is accompanied by quartz. 

The price of wolframite, in consequence of the increasing application 
of wolfram-steel, has latterly risen considerably. While in 1900 for ores 
with a minimum of 60 per cent WO^ it was one shilling per kg. of WO,, 
in 1906 it had risen to 3s. or 3s. 6d. per kg. Of late however it has 
fallen again. 

The production of wolfram has latterly much increased and may be 
reckoned to be yearly some 3000 -4000 tons of ore containing on an average 
60 per cent of WO,. The production for 1906, using in some districts the 
figures for 1905, was made up as follows : (1) from lodes of wolframite 
with little or no cassiteritc ; Boulder County, Colorado, about 750 tons ; 
Beira Baixa, Portugal, 200-250 tons; Las Caberas, Spain, about 150 
tons ; the amount obtained from Tirpersdorf and Altenberg in Saxony is 
small; (2) from tin mines which recover wolframite as a by-product: 
Herberton .listrict and other places in Queensland, 710 tons; New 
South Wales, 132 tons of wolframite and 138 tons of scheelite; Tasmania, 20 
tons of wolframite ; Cornwall, 250 tons ; Zinnwald, some 50 tons ; and the 
remaining occurrences decreasingly smaller amounts; (3) from the 
silver-lead-wolfram lodes of California, some 120 tons. 

Molybdenite is not infrequently found in tin- and wolfram lodes, 
appearing especially to seek the company of wolframite. In addition, 
it occurs now .and then with pyrite in separate quartz lodes in close 
connection with granite. Such an occurrence is found at the Knaben 


' Econ. Oeol., 1907. 
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mine in Fjotland, southern Norway. Some molybdenum ore is regularly 
won in Norway, Australia, Canada, and other countries. Figures of price 
and production have already been given.^ 

Reference has already been made to the connection of the ores of 
uranium with wolfram deposits.^ 

The Cryolite Deposit.s op Ivigtut, Greenland 


LITERATURE 

F. JonNSTRUP. Discussion, Scandinavian Scientific Association, Stockholm, 1883.— 
F. ZiRKm... Lehrbuch dor Petrographic, III., 1894, p. 444.—O. B. Boacuu). Mineralogia 
Groonlandica. Copenhagen, 1905.—N. V. Ussino. Geograf. Tidds-skrift, XIX. Copenhagen, 
1907-1908.—C. F. Jakl. Celebration Publication. ‘Fabiikken Oresund, 1859-1909,’ 
the History and Development of the Cryolite Industry. Copenhagen, 1909. 

The mineral cryolite, Na^AlF^ with 54-4 per cent of fluorine, forms at 
Ivigtut on the Arsut Fjord, along the south-west coast of Greenland, a well- 
known deposit 155 m. long and 30-55 m. wide, dimensions which are 
maintained in depth as far as mining operations have yet proceeded. 
The country-rock consists of gneiss, granite, and granite-porphyry>.' 

In the central portion of the mass, cryolite, mixM with quartz, sidcrite, 
sphalerite, galena, chalcopyrite, and a little pyrite, predominates, the galena 
carrying about 0-7 per cent of silver. The pegmatitically-developed 
marginal portions, containing but little cryolite, consist of quartz and 
felspar together with the above-mentioned ores, and, in addition, wolfra¬ 
mite, cassiterite, columbite, molybdenite, etc.; fluorite also is found 
though quite subordinately. As secondary minerals the following must be 
mentioned : tomsenolite, the hydrous Ca-Na-Al fluoride ; pachnolite and 
gearsutite ; ralstonite, the hydrous Na-Mg-Al fluoride ; cryolitionite, the 
Na-Li-Al fluoride, etc. Besides the snow-white cryolite, grey or even almost 
black radioactive varieties sometimes occur. 

Within the cryolite mass angular fragments of granite up to 3-5 m. in 
length occur, while the quartz-porphyry on the walls, for a foot or so, is 
altered to what may be termed a greisen. These phenomena, taken in con¬ 
junction with the presence of cassiterite, wolframite, and columbite, 
indicate that genetically this cryolite deposit must be regarded as a sort 
of facies of the tin group. This was indeed the view of Daubrde,^ while 
later authorities, including,Ussing so late as 1907-1908, have adopted the 
same view. It is worthy of remark that while in this deposit fluorine 
plays so important a part, minerals containing boron and phosphorus are 
absent. This is also the case jvith topaz. 

This unique deposit was discovered at the end of the eighteenth century. 

^ Ante, pp. 207 and 208. 2 p. 423 

Giol. exyerivu, 1879, p. 31. 
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, In 1854 mining by opencut was begun, which opencut to-day has reached a 
depth of about 45 m. Altogether some 350,000 tons of cryolite have been 
exported, of which amount 307,731 tons had been obtained up to the 
year 1901. The roughly sorted ore, consisting of about 90 per cent of 
cryolite, 5 per cent siderite, 3-4 per cent quartz, and 1 per cent of galena, 
sphalerite, chalcopyrite, and pyrite together, is sent to Copenhagen to be 
there more carefully concentrated. Cryolite with about 2 per cent of silica 
is used in the manufacture of opalescent glass, and of enamel for iron-ware ; 
while a considerable amount, not containing more than 0-2 per cent 
of sihca, is used in the production of aluminium. Formerly also, the raw 
material was particularly used in the production of soda. 

In addition to the occurrence just described, cryolite has also been 
shown to occur in a topaz mine in the llmenite Range of the Ural Mountains. 
It has further been found at Pike’s Peak, Colorado, with microclitie, astro- 
phyllite, columbite, etc. ; ^ and also in the Yellowstone Park. 

The interesting occurrence of smaragdite at Minne, in Eidsvold, 
Norway, where the presence of to])az has also been established, belongs 
genPutally to the tin group in the wider sense of the term. Though 
the same may also be said of some other smaragdite occurrences, it is 
nevertheless the case that the most important deposits of this mineral 
occur in contact-metamorphic mica-schists, such deposits having no 
connection whatever with the tin group. 


Apatite Lodes within or in the Neighbourhood op Granite 

The phosphates so characteristic of the tin lodes, and especially apatite, 
amblygonite, triphyline, etc., occasionally occur in those lodes in consider¬ 
able amount. Apatite for example occurs plentifully in the tin lodes of the 
Black Hills, Dakota.® In some of the granite-pegmatite dykes of southern 
Norway, apatite as a by-product has also been recovered with microcline. 
About the year 19(X) some tin mines in Montebras, Prance, were 
worked chiefly for amblygonite, this mineral being employed in the 
production of lithia preparations. 

In the province of Estremadura in south-west Spain, and in the 
adjacent province of Alemtejo in Portugal, qpatite-bearing quartz lodes 
are known, such as probably are genetically connected with granite. 
Some at Marvao, Portalegre, Zarza, Ceclavin, and Zarzala Major, occur 
actually in granite, while others, as at Logrosan, occur in slate, though 
in the neighbourhood of granite. Mining operations upon these occur- 


* Wbitmana Cross and HUlebrand, Amer Jour, Sc. XXVII. 
8 Ante, p. 447. 
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rences formerly produced as much as 20,000 tons of apatite per year.* ^ 
Latterly however the production from Spain has greatly diminished, while 
that from Portugal has entirely ceased. 

Of quite another geological position is the occurrence at Jumilla 
in Murcia, Spain, recently described by A. Osann.^ There, in a basic 
eruptive rock rich in sanidine and Icucite, which rock Osann termed 
‘ jumillite,’ a network of veins occurs, which veins arc particularly rich 
in apatite and calcite. Along these the jumillite is altered. This 
occurrence some decades ago was worked down to a depth of some 50 m., 
for apatite. 

Apatite Lode.s within or in the Neighbourhood op (Ubbro 
UTERATU lllO 

Norway: W. C. Broooer and H. Reuscii. Zeit. d. D. Geol. Gcs., 1875; and Nyt. 
Mag. f. Naturv. XXV., 1K80.—H. SjonuKN. Cleol. Keren. Korh. VT., 1883; VII., 1884.— 

J. H. L. Vogt. Ibid., VI., 1883 ; XIV., 1892 ; and particularly Zoit. f. prakt. Geol., 1895, 
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GeUivara-Dundret: Swedish Commission’s Ile]x)rt, 1890, 1892 (cit. ante).—W. 0. 
BrOooer, G. Lofstrand, IIj. Lundbohm, H. von Post, F. V. Svenonius, etc. ®Gcol. 
Foren. Foih., 1889-1892. 

Canada: F. D. Adams and A. C. Lawson. ‘On some Canadian,Bocks containing 
Scapolite, with a few notes on some Rocks associated with the Apatite Deposits,’ Can. Roo. 
of Sc., 1888.— Stbrry Hunt. Reports to Geol. Survey, Canada, 1863-1866.—B. J. 
Harrington, G. C. Hofmann, E. Costk, Director Selwyn, R. W. Ells, E. D. Inoall. 
Reports, Geol. Survey, Canada.—J. W. Dawson. Quart. Jour. Geol. XXXII., 1876.— 

R. A. F. Penrose. U.S. Geol. Survey, Bull. 46,1888.—R. W. Ei.ls and J. Burley Smith. 
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' In the fundamental rocks of south-east Norway, within the coastal 
district about 110 km. long and 25 km. wide which stretches between 
Tillesand and Langesund, a large number of apatite lodes are found of which 
however but few reach any great size. Smaller lodes are also known at 
Nissedal and Snarum farther to the north in Norway, and around 
Dundret near Gellivara in northern Sweden. 

It is characteristic of all these lodes that they occur either within or 
in the closest proximity to a gabbro rock, generally an olivine-hyperite, that 
is olivine-gabbro ^dtb ophitic structure. Less frequently they arc found 
in gabbro or olivine-gabbro of normal texture, but never in norite. 

The lode material, mineralogically, is distinguished by the occurrence 
of chlor-apatite, rutile, ilmenite, pyrrhotite, enstatite, hornblende, biotite, 
scapolite, and more seldom of wagnerite Mg^FPO^, felspar, quartz, augite, 
pyrite, chalcopyrite, specularite, magnetite, titanite, yttrotitanite, pseudo- 

* Fuebs and do Launay, Vol L, p. 348; Hernandez Pacheco, ‘ Los filones cstanniferos 
de la provincia de Caceres,’ Bol. Soc. Esp. de Hiai. Nat. II., 1902; Ztii. f. prakt. OeoL, 1907, 
p, 209. 

2 Pamphlet issued at the Rosenbusch celebrations, 1906. 
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brookite, prehnite, calcite, tourmaline, etc. Of interest also is the fact that . 
in some of the lodes at Oedegaarden, thorite has been demonstrated to 
occur. These many minerals often occur in very large individual crystals, 
those of enstatite for instance being some¬ 
times as much as 0-4 m. long. Their ar¬ 
rangement also is often m such bands or 
crusts as wei^ remarked with the tin lodes, 
having in this case however, as illustrated 
in Fig. 276, mica and hornblende towards 
the walla and apatite in the centre. The 
lodes actually within the gabbro, as illustra¬ 
ted in Fig. 277, follow in general the ordinary 
joints and contraction-planes of the rock, 
in which again they behave similarly to 
the tin lodes. Tho.se occurring in the sur¬ 
rounding gneiss on the other hand generally 
maintain a direction more or less parallel to 
the ^sc^fistosity, though frequent exceptions 
to tliis rule are obsf.rvable. Where the 
walls are of gabbro it is usual to find this 
rock altered to a scapolite-hornblende rock, 
or to one containing scapolite, enstatite, etc. 

Cases of this are illustrated in Figs. 270, 

277, and 278. Where the lodes are numerous 
and close together, as at Oedegaarden in Bamlc, the olivine-hyperite wliich 
envelops them is, as illustrated in Fig. 279, almost entirely altered. In 
the process of this metamorphism the diallage, and perhaps also the olivine, 





Fio. 277.—Section at Ilusaaa in the neighbourhood of Risor. Vogt. 





Fm. 27b.—Apalitf lode at Re- 
gaardshei .showing hornblende and 
jniea on the walK, and apatite in 
the centre. Vogt, Zat. f. pmkL 
(koL, 1905. 


is altered, chiefly to hornblende, and the plagioclase, by the addition of some 
4-5 per cent of NaCl, to scapolite, while the iroft minerals of the primary 
rock are in greater part leached. This alteration is also often rendered 
the more complete by the introduction of secondarily formed rutile. 
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The lodes again exliibit quite a number of difEerent facies. The most 
widely distributed are the apatite lodes proper, containing that mineral 
o 1 i 3 1 Sm together with some hornblende, en- 

statite, and mica. With a few, wagner- 
ite predominates. Others contain apatite 
with much rqtile, much pyrrhotite, or 
much specularite. In addition there are 
lodes which consist almost exclusively of 
rutile, or pyrrhotite and rutile, or specu- 
laritc alone. In this connection the rock 
krageroite, described by Briigger as con¬ 
sisting of rutile with a moderately acid 
plagioclase,*^ deserves mention.* 

Without doubt the most important 
apatite field in Norway is that of Oede- 
gaarden in Barale, from which since 
1872 about 140,000 tons of apatite, pure 
to the extent of about 97 per cen^ have 
been produced. In some years the‘out¬ 
put reached as much as 10,000 -15,000 
tons, while in other years it has been 
as low as 2600 tons. The mines are 
now approximately 150 m. deep. The rutile occurrences produced about 
100 tons annually. 

From the invariable association of the apatite lodes with gabbro at 



Fig. 279.—Apatite lo<les iy scapolitc-horiiblende rock at Oedegaarden. Vogt. 


so many different places, it follows that they are genetically connected with 
that rock, as the tin lodes are with granite.® 

. The Canadian apatitff lodes in the fundamental rocks between Kingston 

1 0t9. d. Wiss., Christiania, Doc. 1903. 

* AnUf p. 278. ^ AntCf pp. 420, 421. 
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and Ottawa resemble the Norwegian occurrences in their principal features, 
though at the same time they present a number of divergent properties. 
They are found in close association with so-called pyroxcnitc, a sort of 
gabbro rock. The apatite is fluor-apatite with a small chlorine content; 
augite occurs, but no enstatite; then occur biotitc, scapolite, felspar, quartz, 
calcite, titanite, ilmenite, difi'erent sulphides, or altogether a mineral- 
family identical, in general at all events, with the occurrences in Norway. 
In Canada aW a secondary formation of scapohte in the country-rock 
has been observed, though one by far not so characteristic as that with the 
Norwegian occurrences. In view of those facts the present Canadian 
investigators, and with them Osann, have applied the theory of genesis 
evolved for the Norwegian occurrences, to those of Canada. 

The Canadian production from 18()0 to 1890 varied between 20,000 
and .‘50,000 tons per year, since when however, in conse(iuence of the drop 
in the price of phosphates, it has fallen to a very low figure. 


ANNEX• 

ft * 

The following tdblc of those minerals of the augite-syenite and 
nepheline-sycnite pegmatite dykes, as are distinguished particularly by 
containing ZrO^, and P, taken from Brogger’s work in 1890,^ is 

inserted here as being pertinent to the discussion of the formation of 
minerals by pneumatolytic addition, during the consolidation of a magma. 
Almost the same mineral-family is found in the petrographically corre¬ 
sponding district of Kangardluarsuak in Greenland. As is seen, many 
of the pneumatolytic minerals of the augite- and nepheline-syenites are 
characterized by halogen elements, a fact which constitutes a further 
analogy between the genetically corresponding minerals of granite on the 
one side and those of gabbro on the other. In addition, boric acid often 
appears, and in one case much stannic oxide. There is however this essential 
difierence, that the tin, wolfram, etc., of the pneumatolytic deposits associ¬ 
ated with granite, and the titanium, phosphorus, etc., of those with gabbro, 
are in the case of the augite- and nepheline-sycnite dykes replaced more 
particularly by zirconium and thorium. This is a pTrenomenon which 
probably is referable to the composition of the parent magma of the rock 
concerned. , 

1 Zeit, f. Krist. u. Min. Vol. XVT. 
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THE QUICKSILVER GROUP 

LITERATURE 

G. F. Broker. ‘Quicksilver Bojiosits of the Paoific S!o])e,’ U.S. Geol. Survey, Mon., 
XIIL, 1S88; Supplemented, Mineral Uesources of United States, 1892.—A. Schbauf. 
‘ Aphorismen iibor Zinnobor,’ Zeit. f. ]>rakt. Geol., 1894, p. 10.—P. Khusch. ‘ Vorkoininen 
und Entstchung der Quieksilbererze,’ Prometheus, 189(1, j>p. 437, 458. 

Generally speaking, two kinds of (juicksilver deposits may be differ¬ 
entiated, firstly that in which the metal occurs in the form of cinnabar, 
and to this kind by far the greater immber and the most important 
occurrences belong; and secondly that where quicksilver is an essential 
constituent of tetrahedrite, as for instance at Schwaz in the Tyrol, in the 
Zips mountains of northern Hungary, and in Bosnia, etc. 

As already stated in the section upon ores,* cinnabar is also formed 
in the oxidation zone from the decomposition of tetrahedrite. Though 
therefore a deposit which contains cinnabar near the surface may also carry 
that mineral in depth, there is the possibility that tetrahedrite may there 
be found to occur. When developing such outcrop occurrences therefore, 
it is necessary to determine whether or not other heavy-metal compounds 
are present. While the primary cinnabar occurrences are poor in all such 
heavy metals, in the case of tetrahedrite on the other hand, copper plays 
an important part. 

Besides cinnabar other combinations of quicksilver are found in small 
amounts ij the deposits of that mineral; native quicksilver for instance, 
which is generally secondary and the result of tectonic orfhemical-geological 
processes upon the primary ore ; silver-amalgam, as at Moschellandsberg 
near Rheinpfalz, and at Idria, etc.; and some very infrequently occurring 
selenium- and tellurium ores. Metacinnabarite, occurring in some mines 
in California, at Huitzuco in Mexico, at Moschellandsberg in Italy, and in 
New Zealand, is, according to Schrauf, the relatively light cubically crystal¬ 
line modification of mercuric sulphide such as is formed for instance by the 
action of sulphuretted hydrogen upon the metal. 

• Ante, p. 84. 
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As seen from the table on the opposite page, compiled by Becker 
in 1892 and supplemented by Schrauf in 1894, of all the heavy-metal , 
sulphides, pyrite, occasionally with marcasite, is the most frequent associate 
of cinnabar; in comparison with it, galena, sphalerite, and chalcopyrite 
fall far behind. On the other hand stibnite, and now and then other 
antimony ores, and such arsenic ores as realgar, orpiment, and arseno- 
pyrite, are well represented. In some of the younger quicksilver deposits 
gold and silver also are found, though in most cases they a/e absent. 

By far the most frequent gangue mineral is quartz, which is accom¬ 
panied by chalcedony and opal. After quartz come calcite and dolomite, 
then barite and selenite, while fluorite is exceptional. Most singular and 
important is the frequent occurrence of bitumen in the form of different 
hydro-carbons. This association, in conjunction with the fact that bitumen 
precipitates cinnabar from solfataras, makes it likely that this material 
plays genetically a very important {)art. 

Becker rightly called particular attention to the fact that most quick¬ 
silver deposits occur along pronounced tectonic lines. Tliis is especially 
plainly to be seen from the disposition of the North American occurrences, 
which lie on the west slope of that continent, that is along a mourftain 
chain which has been subject to intense geological disturbance.. 

Most occurrences again are associated with young eruptive rocks: 
those of California with basalt, andesite, and in one case with rhyolite; 
those of Mexico, it is stated, with pitchstone-porphyry. In Texas they are 
found in the neighbourhood of andesite and trachyte ; in Peru, of trachyte ; 
and in the Monte Amiata district, Tuscany, of young eruptive rocks and 
their tuffs. At Vallalta in northern Italy, quartz-porphyry occurs ; near 
Alniaden, diabase ; while on the Avala hill near Belgrade the ore is closely 
connected with serpentine. 

As with the gold- and silver-deposits, there is likewise some justification 
for dividing the quicksilver-deposits into a younger and an older group. 
The first, extending from and including the Tertiary, is represented par¬ 
ticularly in California, Texas, Mexico, Peru, Italy, Persia, Japan, New 
Zealand, etc., while in Idria the deposit also appears to be fakly young. 

To the older group^belong the deposits at Alrnaden in Spain, Moschellands- 
berg in the Rheinpfalz, and Nikitovka in southern Russia. Mineralogically 
and genetically however no differences exist between the two groups, 
which consequently may not be considered apart. 

In relation to the manner of their occurrence, the deposits of cinnabar 
may be differentiated from those of quicksilver-bearing tetrahedrite. These 
latter at all points resemble the sulphide lead, silver, zinc, or copper lodes, 
and accordingly appear as simple or composite lodes of varying thickness. 
With the cinnabar deposits on the other hand the filling of the fissures up 
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which the quicksilver solutions ascended, usually plays but a small part, 
impregnation of the country - rock being the principal form of the • 
occurrence. Of such impregnation there are, according to the nature of 
the country-rock, two types : the quicksilver either fills the pores of 
porous rocks such as sandstone, quartzite, or conglomerate ; or it occurs 
in shattered limestone filling the crevices so completely that the rock 
throughout is veined with ore. ^ 

To the first type belong : Almaden, the most important occurrence in 
the world ; Nikitovka; Huancavelica ; the Pfalz deposits, etc. Such ores 
are also known to occur in California, Italy, and the Asturias. With these 
deposits the displacement of the siliceous constituents of sandstone and 
quartzite by the ore is such, that large, entirely metasomatic bodies of pure 
or almost pure cinnabar may take the place of sandstone, a rock which 
chemically and geologically is usually so resistant. The rich ore- 
bodies of Almaden for example are thus to be explained. Mechanically 
and chemically the deposits of this type provide the cleaner ore. 

The impregnations in hmestone show no such striking metasomatis, 
and with them, therefore, large pure masses of ore are rare. Jlq^jially 
so are wide fis.sure-fillings. Where those latter do, occur, as for instance 
in the south-east mine at Idria and in California, the ore its,elf decuples but 
a fraction of the filling, which filling consists chiefly of breccia. 

A differentiation of cinnabar ores may also be based on their different 
colour. On account of their close connection with bitumen on the one side 
and with limestone on the other, two classes may be discriminated; the 
one more or less dark, because of the large amount of bitumen contained ; 
an(J,the other more or less scarlet according as cinnabar or limestone pre¬ 
dominates. To the first class belong quicksilver lebererz and the almost 
black korallenerz. 

Concerning the origin of quicksilver deposits, an important factor is 
the relation of these to large tectonic disturbances and to places of great 
volcanic activity. In addition, the frequent association with sulphides, 
and very exceptionally also with selenidcs and telluridcs, is significant. 
It is also important in this connection that, apart from chlorine end fluorine 
combinations quite small in amount, all those minerals characteristic of 
the tin lodes are absent. Fluorite for instance is extremely seldom met, 
while such chlorine compoimds as calomel and the complex compounds of 
mercury occur as the greatest rarities, when, even then, they may be 
secondary. 

From the frequent occurrence of cinnabar in porous and shattered 
rqpks the conclusion may unhesitatingly be drawn that these rocks were 
saturated with solutions carrying quicksilver. 

Naturally with many deposits of the older group it is in many cases no 
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longer possible to come to any conclusion regarding the extent to which 
volcanic anddihermal phenomena participated in their formation. With the 
younger group on the other hand there are a number of localities where the 
intimate association with young volcanic rocks and thermal deposits is 
actually observable. To these latt* belong the Californian deposits, Sulphur 
Bank, Moncanita, Redington Valley; those at Steamboat Springs in 
Nevada ; several in Mexico; Huancavelica in Peru ; others in New Zealand, 
at Monte Amiata, and in Persia. Of special importance genetically are the 
occurrences at Sulphur Bank and Steamboat Springs, where hot springs 
still continue to deposit quicksilver.* In New Zealand also two warm 
sulphur springs are known in process of impregnating sandstone with 
cinnabar and of coating the sides of a fissure with inetacinnabarite 
and native quicksilver. Conformable to this observed association with 
eruptive rocks,springs and spring deposits containing quicksilver compounds 
are found at other places. Such for instance is the ca.so with the fumaroles 
of Puzzuoli near Naples, and the thermal springs of St. Nectaire, Puy de 
Dome, France. 

hot springs at Sulphur Bank and Steamboat Springs contain 
sodium chloride plentifully, together with some carbonate and sulphate, 
and in addition so much boric acid that borax becomes precipitated. They 
further contain sodium sulphide and various sulpho-salts of arsenic and 
antimony. Traces of quicksilver may also at times be detected analytically 
in hot springs from which carbonic acid, sulphuretted hydrogen, sulphur 
dioxide, and other gases are escaping. As with all such solfataras, on 
account of insufficient oxidation and the consequent interaction between 
H.^S and SO^, native sulphur becomes precipitated where they emerge. 
Cinnabar on the other hand is deposited before the surface is reached. 

Becker is of the opinion that in these recent hot springs cinnabar is 
not present as a mechanically involved sulphide nor as a dissolved chloride, 
but rather as a soluble double-sulphide of the formula HgS. nNa^S. lie 
and Melville have demonstrated experimentally that HgS is somewhat 
soluble in a hot solution of Na.^S + H.^S, though not in cold NaHS. 

PrecipAation of the cinnabar takes place either by evaporation of the 
solution; by oxidation; by escape of the sulphuretted hydrogen conse¬ 
quent upon the decomposition of Na„S ; or finally, by the reducing action 
of hydrocarbons.^ Simultaneously with the cinnabar, other sulphides 
such as Sb.^S.,, resulting from the decomposition of the sulpho-salts, would 
be precipitated, together with silica and calcium carbonate. For the 
further understanding of the conditions obtaining at the formation of 
cinnabar it must be pointed out that L. de Koninck ® by slow oxidation, 

* Ante, p. 468. 


^ Ante, p. 182. 


Zeit. f. angew. Chem., 91. 
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namely by placing HgS in the open with Na^S, obtained crystals of cinnabar 
1 mm. in size. Weinschenk also,i by the action of sulphuretted hydrogen * 
at a temperature of 230°-260° C. and under high pressure, produced good 
cinnabar crystals from a quicksilver solution. 

The theory promulgated by Becffer in regard to the Californian, 
Mexican, and Peruvian occurrences, may also be taken to hold good for the 
majority of the older deposits. The question of the genesisrof quicksilver 
ores in general is thus more firmly grasped than is the case with the majority 
of the other lode-like deposits. Though, however, this may be so, neverthe¬ 
less, the actual source of the quicksilver and the chemical processes which 
led to its extraction remain unknown. With regard to the Californian 
occurrences, Becker in advancing the suggestion that the heated waters 
derived their quicksilver from granite situated below, ventured an hypo¬ 
thesis which from the nature of the case could but lack secure foundation. 
The pronounced connection of these deposits, monotonous in character and 
widely distributed as they are, with eruptive rocks, and their occurrence 
along tectonic lines, make it probable that the source of the quicksilver 
is everywhere deep-seated and the same, and that the extractioR (*f the 
metal took place directly out of the magma of the crtiptive rock^ concerned. 

The quicksilver deposits are in greater part of young formation and 
have arisen comparatively speaking near the surface. Such circumstances 
of formation postulate a fairly sharp line between them and the deposits 
of other ores, though at Steamboat Springs, at the Comstock Lode,^ and at 
several places in Mexico, Peru, and the Carpathians, young quicksilver- 
occurrences are found together with young silver-gold lodes. Even in these 
cas^s however it must not be overlooked that the ores carried in the two 
classes of deposit are quite different. Silver-gold ores occur extremely 
seldom in quicksilver deposits, while quicksilver usually is entirely wanting 
in the young as well as in the old silver-gold lodes. Tetrahedrite however 
which may contain material quantities of both silver and quicksilver, may, 
when it is present, perhaps be regarded as a transition ore. It must also 
be remarked in this connection that the native silver of Kongsberg in 
Norway often contains quicksilver, and that in the metasomati'c silver-lead 
deposits at Sala in Sweden, silver-amalgam, native quicksilver, and in 
some places cinnabar especially, occur, though only in very small amount.® 

In relation to the quicksilver content, Almaden with an average of- 
8 per cent is unique; all other deposits contain considerably less. At 
New Almaden in California, the content is 2 per cent; at Idria, about 
1 per cent; at Nikitovka, O-T.'j per cent; and at Vallalta in Lombardy, 

< 

‘ Zeit. J. Krini. Min. XVII., 1890 
* * PosteOf p. 467, 

» Hj Sjogren, Qeol Foren. Fork XXJI., 1900. 
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about 0-50 per cent of the material hoisted. With some deposits, particu¬ 
larly Almadten and Idria, the percentage of quicksilver has increased in 
depth, while with others, such as those at Moschellandsberg and some in 
Asia Minor, the deposit in greater depth has become unpayable. The 
statistics given previously on pp. 202, 203, and 207, 208, are completed 
below by'figures taken frdm Becker, B. Neuniann,*^ and from the yearly 
statistics of the Melallgesellschaft and the Melallurgische Gesellschaft, 
Frankfort. 


World’s Production of Quicksilver 
I n Metric Tons 



1800. 

185(1. 

187U. 

189(1. 

, 1000. 

1905. 

Alniadcn . 

844 

about 880 

1345 

1813 

1095 

834 

Idria . 

402 

142 

370 

542 

510 

1 570 

Hungary . 


42 

26 

8 

32 

Italy . 



47 

449 

260 

352 

Russia 




292 

304 

318 

(^a^fovia . ^ 


964 

(for 18oI) 

1044 

795 

910 

1 1(U3 

Texas 

• 



70 

I 

Mexico 




"(il 

124 

190 

l^eni , 

a littio 

... 





Total tons . 

about 1300 

about 2000 

2800 

3950 

3300 

3300 


The total outputs of the most important mines are as follows : 


Tons. 

Alinadon, 1564-1907 . . . 169,000 

Idria, 1525-1908 .... 72,000 

California, 18.50-1908 . . 7;!,0(M) 

Huancavclica. 1571-1825 . . . 52,000 


Quicksilver is sold by the flask,^ the content of which varies somewhat 
in different countries. In Spain it contains 34-5 kg.; in California, Russia, 
and Italy, 34-7 kg. ; and in Mexico, 34-05 kg. The average price per kg. 
in Europe has been as follows : ® 


1816-1835 

1836-1852 

1853-1870 

1871-1875 

1876-1900 

1901-1908 


s. (1. 

3 6 per kg. 

7 0 „ 

4 1 „ 

8 * 0 „ 

4 0 „ 

4 3 „ 


’ Die Metalle, 1904. 

* AnUt p. 208, and postea, p. 468. 
“ Ante, p. 208, and postea, p. 468. 
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The Quicksilver Deposits of California ; inclvding « 
Steamboat Springs 

LITERATURE 

G. F. Becker. ‘ Quicksilver Deposits of the l^acifi^ Sloiie/ U.S. Gool. Survey, Mon., 
XIII., 1888; ‘ Quicksilver Ore Deposits, Mineral Resources of the United States,’ 1892, 
p. 139.—P. Krusoh. * Vorkommen und Entstchung der QuicksilberejKo,’ Prometheus, 
1890, pp. 437, 458.—W. Forstneh. ‘ The Quicksilver Deposits of California,’ Eng. and 
Min. Jour., 1904, p. 385. 

These deposits occur along the Californian sea-board where the country 
in general consists of strongly metamorphosed Neocomian sandstone and 
slate. Of the eruptive rocks present, the granite, which apparently underhes 
the whole district,'shows itself, both in the Coast Ranges and at Steamboat 
Springs, to be quite coarse-grained. Other pre-Tertiary eruptive rocks 
are, porphyry in the Coast Ranges and diabase at Steamboat Springs, while 
young lavas are represented in both places by andesite, basalt, and rhyolite. 

According to Becker, the alteration of the strata, which in their original 
condition yield specimens of the fossil genus Aucdla, took place Rivjfirds 
the end of the Neocomian period when the folding began which continued 
till the middle of the Cretaceous. Later, in Tertiary times, ti»e whole district 
was once again visited by far-reaching tectonic movements. Of the different 
rocks mentioned, the sandstone, which fully participated in all the alteration 
occasioned by these disturbances, is the most important carrier of the 
cinnabar. 

The disposition of the deposits is as follows: to the north, at Clear 
Lak4, Sulphur Bank, the Knoxville district. Great Western, and Great 
Eastern ; farther to the south, at New Almaden and New Idria; and finally, 
farther to the east, at Steamboat Springs, all the.se places being indicated 
on the map which constitutes Fig. 280. 

In connection with the young eruptive rocks, hot springs in great 
number break forth, which in themselves, and in the sometimes beautifully 
coloured sinter which they deposit, impart a unique character to the 
landscape. * 

The neighboufhoodof Clear Lake is characterized by lava flows, volcanic 
peaks, deposits of borax, and thermal springs. The sediments belong 
to the Neocomian, to the Upper Cretaceous represented here by the 
Chico Series, and to the Eocene represented by the Tejon. The borax 
deposits and the hot springs, as well as the deposits of cinnabar and native 
sulphur, are connected with basalt eruptions. At Sulphur Bank, quite close, 
there is also a similar basalt occurrence accompanied by hot solfataras. 

A little to the south-east, at Knoxville, the deeper portions of the much 
metamorphosed Neocomian sandstone carry cinnabar. The upper layers 
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of this sandstone and the lower portion of the weathered basalt lying upon 
it are impregnated with a mixture of cinnabar and sulphur, while the upper¬ 
most portion of the basalt carries sulphur only, which, even to-day, as 
the result of the oxidation of sulphuretted hydrogen, continues to separate. 
In addition to cinnabar the ore consists of pyrite and marcasite, with quartz, 
chalcedony, and calcite, as gangue. 



Fic 280.—General map of the quicksilver deposits of California. Bcckor. 


At the Redington mine two fissures with cinnabar filling, form the 
essential part of the occurrence. At one place there, solfatara gases still 
escape, while borax-springs are common. It is interesting to note that the 
California mine in the same district formerly produced much metacinna- 
barite. At Oat Hill there are several mines. The sediments at that place 
belong to the serpentinized Knoxville sandstone of the Neocomian forma¬ 
tion ; they have been broken by andesites and basalts. At LideU hot 
springs are still active. The principal mine works a deposit occurring in 
VOL. I 2 H 
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sandstone, which lies almost horizontal and is traversed by veins dipping 
less than 46°. From these veins the ore extends into the rock, principally 



Fio. 281.—Form of the quicksilver lodes in Californm. liccker. 
< 1 , Normal lode, /», chamber lode. 


along the bedding-planes. The Great Western and Groat Eastern mines 
carry cinnabar both in the serpentinized sandstone and in that which is un¬ 
altered. The ore in the latter mine has been followed to a depth of 'iSOdeet. 




Baodstonc. 



Senientlnc. QuIcksllviT- Ore. Qiiickfcilver. Serpen- SanSstone Ore. 

bearing roek. bearing rock. tine, not serpentinized. 


Fio. 282.—Section.s of the Great Ea-stern mine, California. Becker. 


Farther to the south comes the New Alraaden district, the richest in 
California. Here, lying upon metamorphosed rocks of the Lower Cre¬ 
taceous formation, much-folded Miocene sandstone is found intruded by a 
rhyolite which is stated to be the only occurrence of this rock in all 
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California. In that sandstone numerous veins forming a complex system 
carry cinnabar, pyrite, marcasite, quartz, and calcite, with which minerals 
at the same time a large width of the fractured country-rock has become 
impregnated. The New Almaden mine, which in 1885 was already 650 m. 
deep, produced during the period 1850-1897 some 34,000 tons.' 

The New Idria district is centred around one of the highest points of the 
Coast Ranges, at the southern end of the Diablo Mountains. The upper 
portion of the hill consists of metamorphosed Knoxville sandstone belonging 
as stated before to the Neocomian, while on the north-eastern flank the 
Chico Series of the Upper Cretaceous and the Tejon of the Eocene are found. 



8(!j'iieiituie Orc-bodics. 

Fid. 283. —Section of the Great Western mine in California. Beekcr. 


The ore occurs in veins or vein-networks and in impregnation zones, within 
the Neocomian. In this occurrence bitumen in addition to quartz plays an 
essential part. About 16 km. away cold sulphur-springs are known. 

The Steamboat Springs district l 3 dng to the cast of the Coast Ranges 
and in Nevada, is only some 9-10 km. distant from the famous silver 
deposit known as the Comstock Lode. In that district tne above-mentioned 
granite is overlaid by Jurassic and Triassic beds, and intruded and covered, 
by young volcanic rocks, andesite and basalt. To these latter the many* 
springs in the neighbourhood owe their existence. The temperature of 
these springs reaches nearly to boiling-point, and^ according to their com¬ 
position they have given rise to basin-shaped deposits of chalcedony or 
carbonates, or they have decomposed the granite and at the same time 
deposited sulphur and cinnabar. The quicksilver content in these mines, 

^ p. 204 
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which at the moment are not being worked, is said to be not in¬ 
considerable. ' 

The cinnabar of California was long known by the Indians and used 
by them as a pigment. In 1824 and again in 1835 at New Almaden, by a 
singular chance it was taken for a silver ore and experimented upon as such. 
Only in 1845, by Andreas Castillero, was its proper nature recognized. 
The subsequent mining operations reached their zenith i^i, the ’sixties 
and ’seventies when these Californian mines produced more quick¬ 
silver than Almaden. The highest yearly production was in 1877 when 
2700 tons were recovered. Since that date not only has the production 
of the principal mine New Almaden receded, but this is the case with the 
others also. Each of the large ore-bodies shown in Fig. 283 yielded from 
2800-4500 tons of quicksilver. 

The American quicksilver mines deliver their metal to San Francisco ; 
the European mines to London. These two markets are in close con¬ 
nection, forming together one of the most closely regulated metal markets 
in the world. Production and price in the United States have beeti as 
follows ; * a 


Quicksilver Proijuotion of United 8tate.s ' 


Year. 

United States. 

World. 

Price per flask of 34 7 kg. at San Francisco. 







HiRhest. 

Middle. 

Lowest. 


Metric tons. 

Metric tons. 


S 

S 

1894 

1066 

3938 

37-00 


27-50 

1896 

1179 

4066 

41-00 


35-90 

1896 

1036 

4020 

40-00 


35-50 

1897 

965 

4328 

40*50 


35-50 

1898 

1068 

4137 

42-50 


38-00 

1899 

993 

3803 

62-00 


47*00 

1900 

983 

3320 

62-00 


46-70 

1901 

1031 

3121 

'48-50 


46-00 

1902 

1208 

4073 


46-61 


1903 

1288 

3696 


44-07 


1904 

1480 

3907 

32-00 


34*00 

1906 

1043 . 

3300 

40*50 

39-76 

38-00 

1906 

930 

3700 

41-00 

about 4i*00 

40-00 

1907 

712 

3300 

45*00 

39-60 

38-00 

1908 

680 

... 

45-12 

44-17 

42*26 


• Slatiatical statements of the Meiall- uni Melallurgische-OeselUchafl, Frankfort. 








TIIF, QUICKSILVER GROUP 


469 


Trrlingua District, Brewster County, Texas, U.S. ? 

LITERATURE 

H. W. Tdrheb. ‘ The 'Torlingua Quicksilver Deposits,’ Econ. Gcol. Vol. I., 1906 ; 
further papers are hero cited.—W. E. Hillebrand and W. T. Sciialler. ‘ The Mercury 
Minerals from Terlingua, Toxa.,,’ U.S. Geol. Survey, 1909, Bull. 40.5. 

These deposits which have been worked since the ’nineties occur chiefly 
within a zone about 24 km. long and 3 km. wide, striking east and west, 
of which the geological section is as follows : Tertiary lavas, in part 
at least, trachyte ; Upper Cretaceous, sandstone and slate ; Lower Cre¬ 
taceous, in greater part thick-slabbed and massive limestone. The ore 
usually occurs in the limestone, partly in breccia and partly in calcite veins. 
In the neighbourhood large faults are stated to occur, while dykes of 
relatively young eruptive rock are also known. Ore has also been met in 
the Tertiary lavas. 

'J’he mineral association here is particularly interesting. As gangue 
minerals, calcite and selenite occur ; quartz however is absent. The ore 
coftsists in part of cmnabar with some native quicksilver, but also of a 
number ( f new quicksilver minerals, montroydite, HgO ; terlinguaitc, 
HgjClO ; eglestonite, Hg/^l^O, or Hg„0.2TIgCl; kleinite, a mixture of 
mercury - ammonium chloride in preponderating amount with an 
oxychloride and a sulphate or oxysulphate of mercury ; and calomel. 


Mexico 

In Mexico, A. del Castillo counts no less than fifty difierent deposits and 
discoveries of quicksilver, most of which are close to young eruptive rocks 
and in the neighbourhood of silver and gold mines.^ These deposits, simi¬ 
larly to those in California and along the Peruvian Andes, are also associated 
with the young Cordilleras ; in spite of their number however they have 
not proved very productive. In former centuries the gold and silver mines 
of Mexico were forced to procure the quicksilver necessary for amalgamation 
from Almaden and from lluancavelica Peru, and thh silver output was 
entirely dependent upon the amount of quicksilver so imported. To-day 
Mexico still imports this metal. 

At the commencement of the ’eighties there was but one mine working 
in the whole of Mexico ; to-day there are several. ^ The best-known among 
these are the Guadalcazar, Guadalupana, and the Huitzuco mine. The first 
lies in the State of San Louis Potosi. There, limestone interbedded with 
clay-slate, both probably of Cretaceous age, are intruded by eruptive rocks. 

1 Map showing the Geology and Ore-Deposits of Mexico by A. del Castillo, 1889, 
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The limestone is traversed by an irregular network of cinnabar veins, or 
the cinnabar occurs in nests. Whatever the occurrence, the ore-body is 
usually separated from the barren rock by a layer of selenite. Calcite, 
fluorite, and native sulphur, are associated with the cinnabar. The occur¬ 
rence formerly was important. The Guadalupana mine,^ also in San Louis 
Potosi, works a thinly-bedded and stony limestone veined with cinnabar. 
Up to February 1903, 3520 tons of ore, containing on an average 7'22 per 
cent of quicksilver, had been won. At Palomas in Durango “ the cinnabar 
deposits are connected with the contact between rhyolite and basalt, the 
first-named having been successively kaolinized, silicified, and impreg¬ 
nated with cinnabar. The more quartzose of the cinnabar veins are char¬ 
acterized by containing bitumen also. The average quicksilver content is 
given as 0-5 per cent. 

The country around Huitzuco in Guerrero consists of metamorphic 
slate and Cretaceous limestone, both greatly disturbed and lying 
upon granite. Cinnabar and stibnite occur here in nests and bed-like 
impregnation zones ; more rarely they occur in veins associated with 
quartz and selenite. According to Pagliucci, quicksilver antimonide |jas 
latterly played an important part here. It occurs in an earthy form filling 
the chimneys of extinct geysers, and in more solid form as ve.ins, nests, and 
layers, in Cretaceous limestone. Native quicksilver and selenite arc of 
common occurrence. This deposit was discovered in 1874 by an Indian.® 

The mercury production of Mexico has been as follows : * 



Tons. 


Tons. 

1900 . 

. 124 1 

11)04 

. 190 

1901 . 

. 128 ; 

1905 . 

190 

1902 . 

. 191 

1900 . 

. 200 

1903 . 

. 190 

1907 . 

. 200 


South America 

The quicksilver deposits of South America are found in Columbia, 
Ecuador, Bolivia, Chili, Brazil, Argentine, and Peru. Those of Peru, though 
now quite subordigg,te, were formerly so important that Peru among the 
countries was counted as one of the most productive in this metal. In 
this production four districts participated, namely : Huancavelica, Yauli, 
Cerro de Pasco, and Chonta.^ Of these, Huancavelica on the eastern slope 
of the Western Cordilleras was formerly almost as important as Almaden.® 

* Eng. and Min. .Jour., Mar. 2,1905 : The Mineral Indualry, 1908. 

* The Mineral Induelry, 1907. 

• • J. D. Villavello, ‘ Genesis do los Saciminetos Mercuriales do Palomas y Huitzuco,’ 
Mem. S. Abate, Mexico, 1903, Vol. 19, p. 95. 

‘ Statistical Statements, Metall- «. Metallurgische-Oesellschafi, Frankfort, 1909. 

‘ Becker, op. cit., p. 21. 
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According to Crosnier, cinnabar occurs here in Jurassic clay-slate, con¬ 
glomerate, sandstone, and limestone, striking north-south and dipping 
steeply to the west. In close proximity to the deposits these sediments 
are intruded by granite, porphyry, and trachyte, with which intrusions 
the hot springs now depositing sinter are associated. The most famous 
mine, the Santa Barbara, working since 1566, exploits a sandstone impreg¬ 
nated with cinnabar, pyrite, arsenopyrite, realgar, calcite, and barite. The 
total production of this district from 1571 to about 1825 amounted to 
approximately 52,000 tons of quicksilver.^ 

The district of Yauli lies in a valley of the Andes, north-east of Lima. 
There, quartz lodes containing cinnabar and pyrite occur in slate and sand¬ 
stone. In their vicinity hot springs continue to deposit a considerable 
amount of sulphur. In the silver district of Cerro de Pasco, cinnabar 
occurs in the neighbourhood of rhyolitic and trachytic lavas. At Chonta 
in the West Andes a bed of clay and sand, containing pyrite and 
cinnabar, occurs, the foot-wall portion of which is a sandstone impregnated 
with cinnabar. 

* • • 

Monte Amiata in Tuscany , 

LITERATURE 

G. V. Rath. ‘ Ein Beauch von Radiprofaci und dca Monte Amiata,’ Zoit. d. D. 
Geol. Ges., 1805, XVII.—A. Verbi. ‘ 11 Monte Amiata,’ Boll. Com. Geol. Ital., ^rae, 
1903, Vol. XXIl., p. 9. —P. i>E Ferrari. Le Miniero del Mercurio del Monte Amiata. 
Firenze, 1890 ; herein a list of the old literature.—B. Lotti. ‘ II campo cinabrifero del- 
r Abbadia di San Salvatore nel Monte Amiata,* Rassegna Mineraria VII., No. 11 ; ‘Die 
Zinnober und Antimon fiihrendon Lagorstatten Toskanas und ihre Beziohungen zu don 
quartaron Eruptivgesteinen,’ Zeit. f. prakt. Geol., 1901, p. 41 ; different papers on the 
hot springs ol the Tuscany Hills, Zoit. f. prakt. Gool., 1893, p. 372 ; 1895, p. 497 ; 1897, 
p. 224. —R. R. Rosenleohnbr. ‘ Dio Quecksilbergruben Toskanas,’ Zeit. f. prakt. Qeol., 
1894, p. 334. — V. Novarese. * Dio Quicksilbergruben des Monte Amiata-Gebietes,* 
Zeit. f. prakt. Geol., 1895, p. 60. — Kloos. * Zinnober fuhrende Trachyttuffe vom Monte 
Amiata im siidlichen 1’oakana,’ Zeit. f. prakt. Gool., 1898, p. 158. —V. SriBBK. ‘Das 
Zinnobervorkommon am Monte Amiata,’ Zeit. f. prakt. Geol., p. 369 ; ‘ Zinnober am Monte 
Amiata,’ Zeit. f. prakt. Geol., 1902, p. 297.— L. de Ladnay. Revista del Servicio Mincrario 
nel 1907, p. 226, Rome, 1908. 

At Monte Amiata the cinnabar deposits occur in close connection with 
the trachyte which forms the hill of that name. The gre is found in close 
proximity to this rock in a zone relatively very limited, which extend¬ 
ing north-south includes the hill-summit. In that zone the ore-bearing 
sedimentary rocks are petrographically of very varying character and 
belong to the most varied formations. At Cornacchino to the west of 
Castellazzara, they are represented by limestone <rf the Middle Lias and by 
limestone and kieselschiefer of the Upper Lias. At Abbadia San Salvatore, 
in addition to the above rocks, Nummulitic Limestone, Eocene BandsfBne, 

* Ante, p. 463. 
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and a clastic rock which occurs between the trachyte and the flat-lying 
Eocene beds, are included in the occurrence. In the neighbourhood of 
Monte'Vitozzo, Middle and Upper Liassic limestone and kieselschiefer 
occur again. At Montebuono, Nummulitic Limestone and Eocene sand¬ 
stone ; at St. Martino, Eocene sandstone ; while finally, at Siele, Solforate, 
Selva, Cortivecchie, and at numerous other points. Eocene marls are 
included. 

The manner of the occurrence of the cinnabar is likewis? most varied. 
At Cornacchino, shales impregnated with cinnabar, pyrite, and selenite, are 
found intercalated between limestone beds containing marly flints. These 
shales probably represent the residual material from dissolved marls, the 
foot-wall of which, a kieselschiefer, also contains cinnabar to a small extent. 
The important deposit of Siele between Santa Fiora and Castellazzara, and 


Monte Amiete 


Monte Civitelia 



[Comaccnino 


Vp Ven-COloufed fvcoid , 

hmesfone 5/a/“e, red thm hmatone 
timestoneett deds 


Nummujtrtc tiscgnt Stefe. Sttle Umeefone T/vefiufe 

Limesront Sendsfene thm hmastene 
beat 


Fig. 284. —Section from Monte Amiata to Miniera de Coniaccliino. Spirck. 


that of Solforate situated approximately 2 km. to the north, arc the residual 
clays of marly Eocene limestones which contained Globigerim, Rotalia, and 
CoccoliUs. Quite close to the Solforate mine, quantities of sulphuretted 
hydrogen continue to escape from the ground. At Sclvagnana east of 
Samprugnano, and at C. Testi near Montebuono, cinnabar and realgar are 
found in Nummulitic Limestone; while at Montebuono itself, the pre occurs 
as an impregnation'Ih Eocene sandstone and sand. In this last occurrence 
those portions of the sandstone are particularly rich which were laid down 
upon a weathered and cavernous surface of limestone. In such a sandstone 
the mineral occurs evenly distributed in small particles. The limestone 
for a thickness of about 10 cm. at the contact, is altered to an ochreous 
material covered with a strongly ferruginous layer which contains cinnabar 
an4 crystals of selenite. Famous is that part of the mine known as 11 
Pozzetto where the limestone is particularly strongly impregnated with 
ciimabar and altered to an aggregate of calcite, selenite, and cinnabar. 
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Broadly speaking, this deposit forms a large funnel, the position of which 
is marked ijn the surface by a distinct depression. 

The detritus which occurs extensively near Abbadia San Salvatore on 
Monte Amiata, also carries cinnabar. Below this covering the deposits at 
that place continue in Nummulitic Limestone and trachyte. Rich in quick¬ 
silver are some irregular layers of a dark-coloured bituminous shale inter¬ 
calated between the beds of Nummulitic Limestone. These layers contain 
small bouldeia of limestone and fragments of slate in which, ore, partly 
metasomatic and partly as an impregnation, likewise occurs. Here also 
cinnabar is accompanied by pyrite. Lotti concedes that this occurrence 
gives the impression of a primary deposit, yet in view of the preponderance 



Fio. 285.—Oru oliimiieya at Moiitf Aiiii.'ita pro- Fi(i. 286.—Course of tlie metal solutions 

jolted on the plane of Uie liinestoiio. Spiiok. in the Sielc limestone. Spirek. 

nix', Upper liiiiestoiio 1 h*«1 ; ih'hf'i, lower liiiiost<»nH I, Upper limestone Ixul; II, lower limestonft 

bed ; limit ol the ore.be.inii}; limestone bod. bed; oro-pipc , nl>, ore-trunk; br, 

u|ip(*r run ; </e, lower run. 

of Upper Liassic fragments he regards it as probable ^ that the deposition 
of cinnabar originally took place in the marly Umestone of that period; 
it appeared to him that the non-aluminous Nummulitic Limestone was 
less suitt b’le for such an impregnation. 

In the so-called Diecine the trachyte itself is veined and impreg¬ 
nated by cinnabar, forming a deposit of some importance. The ore here 
is accompanied by marcasite, opal incrustations, and some calcite, which 
obviously represent deposition from aqueous solution. At Abbadia a 
close relation undoubtedly exists between the. cinnabar deposits, the 
emanations of sulphuretted hydrogen, and the acid sulphur-springs in 
that neighbourhood. The zone subject to these volcanic phenomena 


^ Zeit. f. pr'ikt. Oeol.f 1901, p. 43. 
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is about 1-5 km. long in a north-north-east direction, or parallel to the 
mountain ranges in Tuscany. A further continuation in thiit direction ^ 
would pass through the warm sulphur-springs and the selenite masses of 
San Filippo. This zone according to Lotti coincides with a fault along 
which the Eocene beds sank to come into juxtaposition with the various 
Mesozoic members of Monte Zoccolino. , 

In addition to these cinnabar deposits, quicksilver-antimony ores 
occur in the district of Monte Amiataand Maremma Grossetaifa, particularly 
at the three places, Selvena, San Martino, and Capita. This district 
extends along the coast in a southerly direction, from Monte Amiata to the 
vicinity of Capalbio. 

At Selvena, west of Comacchino, black bituminous shales intercalated 
in Liassic hmestone, were formerly worked for the ore with which they 
were impregnated, this ore consisting of cinnabar, stibnite, realgar, and 
pyrite. The occurrence at San Martino hes on the right bank of the 
river Fiora. There, a large mass of crystalline limestone is traversed by 
veins and nests of stibnite accompanied by calcite and fluorite, while 
one thin bed consists of cinnabar and limonite.^ This limestone,which 
throughout is coloured red by iron oxide, probaljly represents altered 
Nummulitic Limestone, and the beds in which it occurs are therefore probably 
Eocene. At Capalbio near Castellaccio di Capita, an old quicksilver mine 
works a deposit in Rhaetic limestone close against Eocene beds. At 
that place radial aggregates of cinnabar, stibnite, and pyrite, occur, chiefly 
in the Rhaetic but to a smaller extent also in the Eocene.'^ 

Thk Cinnabar Deposit op Vale alt a-Saoron 
LITERATURE 

A. Rzehak. ‘Dio Zinnobcrlagorstatten von Vallalta-Sagron,’ Zeit. f. prakt. Gcol., 
1905, p. 325. 

This formerly-worked deposit occurs partly in Italy and partly in 
the Tyrol. The Valle delle Monache in which it is found, follows a large 
tectonic line alon^ which conformable Palseozoic and Mesoaoic strata 
dipping to the south have sunk to come into juxtaposition with phyllite. 
The deposit itself, according to old accounts, occurs in a sandstone 
accompanied by a red porphyry and embedded in talc-schists, this sand¬ 
stone being generally light m colour but alternating occasionally with a 
dark graphitic variety.. 

Rzehak from his own observations questioned these petrographical 

* ' G. B. Rocco, ‘ Appunti d’ nna cscurciono rainoraria in I’oscana,* Boll. Comit. geol., 
1881. 

* P. Toso, Revieta del Servizio MirtArario, 1805, p. 112. 
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descriptions. According to him no sharp demarcation between the por¬ 
phyry and the sandstonecan be accepted, more especially as the whole district 
has been so highly metamorphosed. He considers it highly probable that 
the occurrence is an isolated, contorted overthrust, whereby a Palseozoic 
patch now occurs inverted near the contact of Triassic beds with 
Archeean basement rocks, these latter being represented by the phylUte 
and talc-schists. There exists consequently a certain analogy between 
this occurrence and that of Idria where, at all events in the north-west 
mine, an overthrust also plays a prominent part. 

The former importance of this quicksilver occurrence at Vallalta may 
be gathered from the following figures of production : 


186;! . 

Tons. 

. 16-8 1 

1867 . 

Tons. 

9-9 

1864 . 

. 22-4 1 

1868 . 

. 12-7 

1866 . 

. 22-9 ■ 

1869 . 

. 18-3 

1866 . 

17-0 ! 

1870 . 

. 34-7 


Almaden 

IN Spain 



LITERATURE 

• 

Casianobe Prado. Minas de Almaden. Madrid, 1864; *Sur la G6ologio d’Almaden,’ 
Bull, de la Soc. Gi'i.1. Frani;., 2“ sdr., Vol. XII, 1866.—A. NOggebatii. ‘Mittoilung iiber die 
Quecksilborbergwerko zu Almaden und Almadenejos in Spanien, nebst einom Uborblick 
der Vorkomnien von Quecksilber iln allgemeinen,’ Zeit. f. d. B-, H- u. Salinonwesen im 
Preussen, 1862, Vol. X. ; ‘.losephe Monaaterio y Correa,’ Rev. Univ. dea Min., 1871, 29.—H. 
Kvss. ‘Mem. sur I 03 Mines et Usines d’Almaden,’ Ann. des Mines, 7" B<’r., Vol. XIII., 1878, 
p. 29; ‘ Note sur I’btat aotuel de la mine et de I’usine d’Almaden,’ Ann. des Mines, 8" sir., 
Vol. XI., p. 136, Paris, 1887.—R. HELMnACKER. ‘ Ueber don Uiabaa dea Almadenfeldca,’ 
Tscherm. Min. Mitt., 1877.— Gabon. ‘ Borioht iiber eine Instruktionsreise naeh Spanien,’ 
Zeit. f. d. B-, H- u. Salinonwesen im Preussen, 1880, Vol. XXVIII. p. 126. — S. Calderon. 
Ann. Soc. Espag. Hist. Nat. Vol. XIII., 1884.—G. F. Bkckeb. Loo. cit.— Vogt. Reise- 
beobachtungen.—H. Poauo. ‘Dio Quecksilberlagerstatten von Almaden,’ Sitzungsber. 
Niedorrhein. Ges., 1890, p. 116 ; 1892, p. 46. 

On the northern slope of the Sierra Morona in the province of Ciudad 
Real, lies Almaden, the most important quicksilver deposit in the world. 
The mountainous country around, bare and unproductive, consists of 
Silurian apdto a lesser extent of Devonian beds, which have been subjected 
to a moderately strong regional metamorphism. TheTfilurian beds which 
alone come into consideration in reference to the ore-deposit, consist in 
their turn of clay-slates, intercalated limestones, and white to reddish 
quartzites which occasionally pass over to bdfcome micaceous sandstones. 
In the clay-slates occur layers of a schistose diabase tuff, known locally as 
Piedra Frailesca on account of its grey colour which resembles that of 
the cloak of the Fraile Francisco religious order. Several intrusions of a 
diabasic or melaphyric eruptive rock are known, while granite, which in 
depth is probably more extensive, appears at a distance. 
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Three porous beds of these Silurian quartzites, striking east-west, 
dipping vertically, and long regarded as lodes, constitute the actual deposits.^ 
Upon these three beds, known respectively as San Pedro y San Diego, San 
Francisco, and San Nicolas, a large number of small mines were formerly 
scattered. To-day all the work is concentrated at the rich and long- 
established prineipal mine in the town of Almsvien. 

In that mine the three particular quartzite beds have been proved to 
be impregnated with einnabar for a length of about 200-251? m. They are 
separated from one another by bituminous clay-slates, making the distance 
between the two outside beds just under 50 m. In these clay-slates Graplo- 
lites have been found. The ore consists chiefly of cinnabar with some 



Kio. 287. — Plan of tlio quicksilver ileposit at Alinadeii. Noggerath. 


metallic quicksilver, a little pyrite, and traces of selenium ; copper, lead, 
zinc, silver, and gold, are absent; while gangue minerals are represented 
by small amounts of barite and dolomite. The cinnabar either occurs 
filling the pores oMhe sandstone, the total volume of which pores may in 
places be as much as 26 per cent that of the rock, or it forms fine veins 
running in all directions and occasionally enclosing beautiful quartz, barite, 
or cinnabar druses. At other places the cinnabar actually replaces the 
substance of the quartzite. 

The view that this occurrence of cinnabar is to be regarded as an 
iny)regnation of lode-like and not of sedimentary character is confirmed by 
the fact that the ore has nowhere found its way into the impermeable clay- 
slates. Whether the quicksilver solutions necessary to this assumption 
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were in any way genetically related to the neighbouring cruptives must 
^remain an open question. 

The principal bed attains a width of 8 -14'ni. with an average 
quicksilver content of 14-15 per cent. The other two, the San Nicolas 
and the San Erancisco, somewhat darker in colour, are less wide and carry 



Fio. 288.—Sootioii througli the quicksilver deposit at Alniiwlcii. Monasterio y Correa. 

poorer ore, some of it containing as little as'2-5 per cent. The average 
content of the material mined, which at the beginning of the ’fifties and 
’seventies was about 7 per cent, is now about 8 per cent; and the mine in 
spite of centuries of uninterrupted work is yet only 350-375 m. deep. • 
The production of this, the richest and most profitable of all the quick¬ 
silver deposits yet known and a veritable nest-egg to the Spanish Exchequer, 
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is regulated according to the demand of the decidedly small market for 
quicksilver. Of the world’s yearly production amounting to 3500-4001^ 
tons, some 900-1400 tons is contributed by this mine. In the eighteenth 
century and in the first half of last century, the Californian deposits not 
yet having been discovered, the proportion was still higher; Almaden 
then supplied more than one-half of the total«production.‘ 

According to Noggerath, the total working cost from 1850-1854 
amounted to about Is. 9d. per kg. delivered at London ; and from 1870- 
1875 to about Is. to Is. 2Jd.; while more recently it has been given as 
lOd. or lid. Against this cost the average selling price during the last 
fifty years may be taken to have varied between 3s. 6d. and os. per kg. 
Estimating the total production of Almaden between 1564 and 1907 at 
169,000 tons of quicksilver and putting the average price during this whole 
period at 5s. per kg. this production represents a total value of about 
£42,500,000. Before this period it was worked by the Romans who applied 
the quicksilver they obtained to the making of pigments. For comparison 
the productions of some other old and famous mines are here quoted ; 


Kongsberg, Norway, 1624-1908 
Almaden, Spain, 1664-1907. 
Freiberg, Saxony, 116^1-1890 
Comstock, Nevada, 1859-1898 
V'eta Madre, Mexico, 1558-1820 
Veta Grande, Mexico, 1648-1832 


.about £8,000,000 
„ 42,500,000 

„ •44,400,<K)0 

„ 70,000,000 

„ 100,000,000 
„ 125,000,000 


According to these figures quite a number of mines have surpassed 
Almaden in the gross value of their total production. Never however 
has there been any important mine where the relation of the net 
profit to the total yield has been so high. 

The quicksilver production of Spain which is practically speaking that 
of Almaden, has been as follows : 



Tons. 


Tons. 

1900 . 

. 1095 ! 

1904 . 

. 10,58 

1901 . 

. 754 

1905 . 

834 

1902 . 

. 1426 1 

1900 . 

. 1300 

1903 . 

.* 

. 988 i 

1907 . 

. 1212 , 


There are in Spain in addition other occurrences of quicksilver, as at 
Mieres in the Asturias on the southern borders of the Sierra Nevada, and at 
Tia Creu in the province of Valencia. At Mieres the deposit occurs in 
Carboniferous sandstone and slate; a breccia formed of fragments of 
these beds carries cinnfcbar, pyrite, arsenopyrite, and realgar in fractures, 
cavities, and impregnations, the deposit is 65 feet wide and several 
kilometres long; the production of El Provenir Und other mines during 


* Ante, p. 408. 
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1893 was some 100 tons of quicksilver. In the neighbourhood of La 
^ Creu veins.consisting of an intimate mixture of cinnabar, quartz, and 
carbonates, are found occurring in sandstone. 

Portugal at the end of last century still produced some quicksilver. 


InEiA IN Krain 
LITERATURE 

Bas k. k. Quocksilberwerk zu Idria in Krain. Published by the management, Vienna, 
1881. —M. V. Lipold. ‘ Mitteilungen iibcr die gcologischcn Verhaltnisso der Umgegend 
von Idria,’ Jahrcsber. d. k. k. Geol. Reichsanst. IV., 1853, pp. 422 and 864 ; VII., 1856, p. 
838 ; VIII., 1867, pp. 205,386, and 760 ; IX., 1868, Verhandl., p, 18 ; XXIV.. 1874 ; Krlaute- 
rung zur gcologischcn Karto der Umgegend von Idria, p. 426 ; XXIX., 1879. Verhandl., 
p. 186. —H. Meier. ‘ Uebcr don Quecksilbcrbergbau von Idria,’ Verhandl. d. k. k. Geol. 
Reichsanst., 1868, p. 122. —E. von Jahn. ‘ Ueber das Idrianer Korrallcnerz,’ ibid., 1870, 
p. 203. — D. Stub. ‘Geologische Verhaltnisse des Kossels von Idria,’ ibid., 1872, p. 235. — 
F. Groger. ‘ Zum Vorkommon der Quocksilbererze,’ ibid., 1876, p. 67. — C. von Ernst. 
‘UeberQuocksilber ’ Oestorr., Zeit. f. Borg- u. Huttonw., 1877, Vol. XXV. p. 76. —F. Groger. 
‘ Ber Idrianer Silbcrschiefer,’ Verhandl. der Geol. Reichsanst., 1879, p. 106. —A. Schraiff. 
‘ Ubcr Jlctacinnabarit von Idria and dessen Paragcnosis,’ Jahrb. d. Geol. Reichsanst., 
41,^, 349, Vienna, 1891 ; reviewed in Groths Zeit. XXI., p. 283. —E. SuEse. Sitzungs- 
boricht der Wiener Akadbmio der Wissonschaften, LVII., I., p. 791; Geol. and Min. 
Maps of Idria with sections and drawings of the quicksilver deposits ; surveyed by govern¬ 
ment officials ; text by Plamineck. Vienna, 1893. Published by the Minister for Agri¬ 
culture. — F. Kossmat. * Uber die geologiachcn Verhaltnisse des Bergbaugebietes von 
Idria,’ with 2 plates, Jahrb. d. k. k. Geol. Reichsanst., Vienna, 1899, Vol. XLIX., Pt. 2. 
—T. L. Genter. ‘ 'J'ho Quicksilver mines of Idria,’ Eng. and Min. Jour., 1903, Vol. LXXVI., 
p. 923. 

The geology of the country around Idria, a town situated on a river of 
the same name upon the south-eastern foot-hills of the Juli Alps, has in its 
essential features been made clear by the investigations of Lipoid. In this 
district Carboniferous beds represented by the Gailtal slates deserve first 
mention. These consist partly of fissile dark grey clay-slates and partly of 
fine-grained dark sandstones, these latter containing argillaceous binding- 
material and such plant-rernains as Cnlamiles Suckowi, Biclyopieris Brong- 
niarti, Sagemria, etc. These slates, known on the mines as Silberschiejer, 
are in pk'^s against the quicksilver deposit impregnated with native quick¬ 
silver. They form a narrow north-west to south-east Belt following a zone 
of disturbance more closely described below, and are overlaid by repre¬ 
sentatives of the Permian and Triassic formations, among which the most 
important are the Werfen beds with the GrodSn sandstone, and the Seisser 
beds of South Tyrol. Upon these follow the Guttenstein Umeatone ; then 
the Wengen beds consisting of dark slate, conglomerate, and tufi, the last 
being represented by the Skonza beds; then the Cassian beds ; and fiiujjly 
•the Lunz or Raibl beds. Above the Triassic again, other Cretaceous and 
Eocene formations are found. The ore is associated with the Werfen 
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and Guttenstein beds of the Lower Triassic, and with the Wengen and 
Skonza beds of the Upper Triassic. It is further associated withy 
a large zone of disturbance which may be followed on surface from the 
Kalomla Valley over Raspotje into the hollow at Idria, and from there 
south-east through the Idria Valley. This zone marks the occurrence of 
an overthrust along which the older Carboniferous beds were pushed up 
over the younger and much contorted Triassic strata. One or two more 
or less parallel disturbances accompany this powerful over^rust. 

The occurrence of the ore to the north-west,in the Barbara and Theresia 
properties, is quite different from that in the Josephy property to the 
south-east. In the former the ore is concentrated in the Skonza beds 
and occurs but little in the calcareous conglomerate above. The ore- 
body has then the form of a true bed 20 m. thick with the foot-wall 
generally formed by the Wengen tuff but also at times by the Guttenstein 
limestone. The hanging-wall calcareous conglomerate is in places also 
impregnated with cinnabar. The ore content in these Skonza bods is 
rendered extremely irregular and fluctuating by the occurrence of lenti¬ 
cular patches and impregnations. , • ^ 

The occurrence in the Josephy property is quite different. At this 
place numerous faults striking roughly E.N.E. and dipping 28 '30°, arc for 
a width of 1 m. filled with limestone fragments cemented together by 
cinnabar. Other faults, without ore and striking roughly E.S.E., cause 
an enriclmicnt where they intersect the E.N.E. faults, an enrichment which 
is not limited to the fissure-fillings but is expressed also by an impregnation 
of the walls. By far the greatest portion of the ore consists of cinnabar ; 
native mercury occurs occasionally but only in the Silberschiefer. Four 
classes of ore are usually distinguished ; (1) stahlerz, containing 75 per 
cent of quicksilver ; (2) lebererz, often forming the kernals of stahlerz; (3) 
ziegelerz, always occurring at the margins of the deposit; and (4) korallenerz, 
with 56 per cent of lime phosphate, 2 per cent of cinnabar, and 5 per cent 
of bitumen. Pyrite, fluorite, dolomite, epsomitc, selenite, together with 
some quartz and calcite, occur to a lesser extent. 

Concerning the genesis of this deposit there can also in this,case be no 
doubt that the (f£% was deposited from aqueous solution. Both the 
connection with the large overthrust and the occurrence of ore in various 
beds, in part filling fissures and in part forming impregnations, confirm this 
view. Since the large overthrust is certainly younger than Cretaceous and 
may possibly have been formed in Quaternary times, the deposit geologic¬ 
ally speaking may be quite recent. 

, The present annual production amounts to about 60,000 tons of ore 
containing about 530 tons of metallic quicksilver.^ About 800 men are 

* Ante^ p. 463. 
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employed, and the profit flowing yearly into the State Exchequer is about 
£25,000. The amount of quicksilver still reckoned to be contained in the 
deposit is estimated at about 30,000 tons. The production of Austria- 
Hungary, which is almost all obtained from Idria, has latterly been as 
follows: 




Tons. 


Tons. 

1900 . 


. 550 

1906 . 

. 670 

1901 . 


. 667 

1906 . 

. 577, 

1902 . 


. 563 

1907 . 

. 610 

1903 . 


. 575 

1908 . 

. 630 

1904 . 


. 650 




Some of the smaller deposits in Hungary are interesting in that they 

contain quicksilver-bearing tetrahedrite 
from which in the oxidation zone cin¬ 
nabar results, this mineral being there 
accompanied by amalgam, pyrite, 
quartz, and barite. Such deposits 
occur at Iglo and Dobschau in the 
Carpathians, where the tetra'nednte 
contains up to 16' 7 per cent of quick¬ 
silver. The veins arc found in old 
slates. The quicksilver is won as a 
by-product when roasting the tetra¬ 
hedrite. Again in the Thihu valley, 
also in the Carpathians, a zone filled 
with calcite, dolomite, and rock frag¬ 
ments, and occurring between a lava 
sheet and a much altered clay-slate, 
the fcce'rtmu ‘7rnrnortirwe»7o^^ Carries Veins and nests containing cin- 
inzaghi Shaft, idna. nabar, galena, atid sphalerite, 

z, cmtiiiiiart.vA, sciiHtowi'aiunk'; frie- The productiofi of Hungary in the 

tion brfcciii; J>V, ; T>D, , . . . , , 

iioioniite breccia, eighties was Only about 10 tons per 

year, since when it has been even less. 
Other figures of production have already been given.^ In Bc'remia the 
iron deposits at florovik contain small amounts of cinnabar, quicksilver, 
and calomel. 



' Ante, p. 463. 
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Quicksilver Occurrences in Germany 
LITERATURE 

H. VON Dechen. ‘Dafl Vorkommen der Quecksilbererze in dem Pfrilzisch-Saar- 
bruckenschen Kohlengobirge,’ Karstens Arohiv, 1848, Vol. XXII., pp. 375-4(i4.—VV. VON 
Gumbel. * Ueber die Quecksilbererze in dor Pfalz,’ Verb. d. naturh. Ver. f. Rheinl. u. 
West!., VII., 18.50, p. 83 ; Goologio von Bayern, IE. pp. 059-980. 

Germany to-day in relation to its production of quicksilver occupies a 
subordinate position among European countries. The occurrences at 
Moschellandsberg, Potzberg, and Kirclilieimbolanden in the Pfalz, are 
only interesting historically and geologically. The ore, chiefly cinnabar, 
occurs generally in veins and associated impregnations in sandstone, con¬ 
glomerate, and clay-slate, belonging to the Ottweil beds, these being 
the uppermost beds of the Coal-measures. Some deposits however occur 
also in melaphyre and porphyry. Where the veins traverse ore-bearing 
sandstone and clay-slate these rocks are altered to masses resembling horn- 
stone jnd argillite respectively. The deposits which have been followed for 
th^ greatest lengths lye the Gottesgaben Lode on the Landsberg, and the 
Alten-Werk Ijode, these having been proved for 900 m. and 400 in. respec¬ 
tively. In these two cases the quicksilver content, which in the upper 
levels was considerable, diminished so rapidly in depth that the deepest 
stopes do not reach 200 m. below the .surface. The fissure-filling consists 
of clay with nests of cinnabar, native quicksilver, amalgam, calomel, 
metacinnabarite, some pyrite possibly, tetrahedrite, and stibnite, with 
calcite, barite, quartz, and red silex, as gangue. It is known definitely that 
these deposits in part were already working as far back as the commence¬ 
ment of the fifteenth century. In the eighteenth century particularly, 
they were quite important, though now they are of little interest. The 
quicksilver ores associated with quartz at Neustadt in Bavaria and 
Lossnitz in Saxony, are similarly of no economical importance. 


Till'. Quicksilver Deposit at Avalaberg Ne/.p Belgrade 
LITERATURE 

A. VON Gboddeck. ‘ Uber das Vorkommen von Quecksilbererzen am Avalaberg 
bei Belgrad in Serbion,’ Zeit. f. d. B-, H- u. Salinenweaen in Preussen, 1886, Vol. XXXIII. * 
p. 112.—H. Eisoheb. ‘ Die Quocksilborlagerstatten am Avalaberge in Serbien,’ Zeit. 

1. prakt. Gool., 1906, p. 126. * 

The Avala hill, 320 m. high, situated 20 km. south of Belgrade, consists 
chiefly of non-fossiliferous marly hmestones, presumably of Cretaceous 
age, which are intruded by trachyte dykes. At the foot of the hill magnetite 
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and chromite, finely distributed in a rhombic pyroxenic serpentine, occur 
plentifully. This rock, which presumably has been formed by*the decom¬ 
position of an enstatite-olivine rock, attains greater proportions farther 
to the south. 

The wide belt of country around the hill consists hkewise of marly 
hmestone and serpentine. In the serpentine area to the south, at Schuplja 
Stena, Djewer Kamen near Kupine, Mala Stena, and Kamen No. 2, quick¬ 
silver deposits occur having pronounced outcrops. According to von Grod- 
deck the ore-bearing area has a length of 1300 m., and a width of 800 m. 
At the southern hinit of the serpentine against the marly limestone is a 
wide bar easily followed by its rocky outcrop and known as the ‘ lower 
lode.’ This likewise carries traces of cinnabar and some galena. 

The serpentine in the neighbourhood of the Avala hill is in part 
• completely altered, so that to-day a replacement pscudoniorph consisting 
of quartz, opal, and dolomite after serpentine, is presented. The limonite 
found filling the cavities in this quartz-rock probably represents the fer¬ 
ruginous residue of the serpentine. The origin of these skeleton crystals 
of quartz which possess great similarity to the ‘ red-rock ’ K)f ,the 
garnierite deposits, is probably referable to thermal' action. 

The quicksilver minerals occur exclusively in this porous quartz-rock 
to which fact the ore-bodies owe their capacity to appear so strongly 
at the surface. They include cinnabar and native quicksilver, often in 
considerable amount, and calomel. Cinnabar is found either as fine dust 
in the siliceous skeletons of the decomposed serpentine, or it serves as the 
binding material of angular fragments of that rock. It also occurs as a 
coating in veins of quartz and felspar, or finally in solid masses. With it 
some pyrite is almost invariably present. 

These deposits, for which von Groddeck prophesied a great future, 
have not fulfilled the expectations created. The production during the 
period 1885-1891 was only 7796 tons of ore with an average content of 
1'02 per cent of quicksilver.^ 

Relative to the genesis of these deposits the authors believe 
that the origin of t]ie skeleton crystals of silica and dolomite must be con¬ 
sidered separately from that of the quicksilver! The thermal waters to 
which the decomposition of the serpentine is ascribed, as well as the young 
quicksilver solutions, were both probably consequent upon the intrusion 
• of the trachyte magma. 


' J. Antula, VIndustrie minerah de SerbiCt 1005. 
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The Quicksilver Deposits of Russia 
LITERATURE 

C. VON Ernst. ‘ Das neue russische Quecksilberwerk boi Nikitovka,’ Oster. Zeit. f. 
d. B- u. Hutteiiwoson, 1889, ’'ol. 37, p. 430; Guido des excursions du VII. Uongr6s 
Intern. Gfelogiquo, 1897, XVI., pp. 3G-45. 

The Russian quicksilver deposits belong partly to Europe and partly 
to Asia. Those in Europe are found at Nikitovka and Gavrilovka, in clay- 
slate overlaid by Carboniferous sandstone, and in coal-seams. The cinnabar 
is found in crevices and in extensive impregnation zones in the porous sand¬ 
stone. Since several hundred tons of quick-silver have been won from 
them yearly these deposits must be considered to have been of some 
importance. As will be seen however from the statement below, the 
production for the year 1908, probably owing to the irregular distribution 
of the ore, fell remarkably. 

The mines of Ildekansk near Nertschink in Eastern Siberia are in so 
faif.infereotlng that during the time they were being worked, 1759-1853, 
heartrending stories* of the tremendous mortality of the convicts 
employed, were circidated. It is however the case that work in quicksilver 
mines, where no metallic quicksilver is found, is no more dangerous than 
work in any other mine. The ore occurs in inconsiderable amount in veins 
and nests in yellowish grey limestone with calcite and quartz. At no time 
wore many people employed. 

Leaving out of consideration the little-known occurrences of Kamt- 
schatka, quicksilver also occurs in the Ural gold district near Beresowsk, 
Miask, and Bogoslowsk. At these places no primary deposits have yet 
been found, the cinnabar occurring with the gold in gravels. Judging 
from the fact that pieces of cinnabar up to 1'5 lbs. in weight have been 
found, the original primary deposits must in part at least have been of 
considerable size. The production from Russia, most of which comes from 
Nikitovka, may be gathered from the following figures : 





Tons. 


Tons. 

1900 . 



304 

1906 . 

318 

1901 . 



363 

1906 . 

210 

1902 . 



416 

1907 . 

130 

1903 . 



362 

1908 . 

49 

1904 . 



332 
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Deposits in Asia Minor 


The ores at the Koniah mine occur in limestone * where their associa¬ 
tion with the silicified sections of that rock is so pronounced that the silica 
and cinnabar have probably been derived from spme common sotirce. The 
ore-bodies thus occurring are traversed by narrow veins of cinnabar. The 
payable ore contains usually 1-2-5 per cent of quicksilver, tlfough one large 
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Fiq. 291.—Tlie cinnabar octnirri'iice in llie Koniali mine in Anatolia. 


I5?~P'I 

Oie 


section associated with stibnite contained as much as 8 per cent. According 
to F. P. Monaci, approximately 13,000 tons of 1 per cent ore now stand 
developed and ready for stoping.^ According to the same authority the 
Kara Bournu mine, situated 32 km. from Smyrna, works in opencut a rock 
impregnated with an average of 0-75 per cent quicksilver, the lower limit 
of payability being here about 0-25 per cent. The production in 1906- 
1907 amounted to about 3000 flasks. 


, Deposits Elsewhere 

The deposits at Kwei Chan in China are little known. Apparently 
however they are rich, as von Richthofen states that China has at times been 
‘in the position to export quicksilver. At the Wan Shan Chang mines in 
the Toon Yen prefecture., the ore occurs in almost horizontal bed-like bodies 
in dolomitic limestone, either impregnating definite beds; or as deposits 

* F. F. Sharpless, £njt. and Min. Jour. LXXXVI. p. 601; TAe Min. Indus., 1908, 
p. 746. 

• Rasa&jna mineraria, April 11, 1988. 
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in fractui^s, crevices, nests, or bedding-planes; or finally, irregularly 
impregnatkig certain highly disturbed strata.^ The cinnabar is either 
pure or associated with antimony. The production is greatly affected by 
the frequency of the floods and pestilences which visit the district. 

Upon the island Ilirado belonging to Japan, cinnabar occurs in an 
impregnated bed of Carboniferous sandstone. On Mount Tagora in Borneo 
it occurs in veins and impregnations in sandstones accompanied by slates, 
with which primary occurrence the occurrence of cinnabar in gravels is 
also associated. At Philippeville in Algiers cinnabar occurs in Nurninu- 
litic Limestone at the contact with clay-slate; wldle the deposits of 
'Taghit and Palestro occur in Cretaceous bods. 

The deposits in New Zealand are particularly interesting in that they 
stand in traceable connection with hot springs. Two warm sulphur- 
springs wend their way through sandstone which they have impregnated 
with quicksilver. In one fissure in. thick, where thermal water 
circulates, the .sides are coated with quicksilver minerals, sulphur beads, 
and beads of metallic quicksilver. 

Dos (^loiseaux in the sinter of the large geyser of Iceland found metallic 
quicksilver, an oceuwonoe however which Bunsen regarded as accidental 
and probably derived from a broken thermometer or barometer. 

‘ The Min. Ini., 1908, p. 747. 
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chlor-, 

in the eruptive rocks, 149, 151 
fliior-, 176, 270 
origin, 131 

Apatite-iron deposits, 160, 173, 392 
genesis, 276 

metal content, 261, 382 
occurrence, 259, 382 
Apatito-iron ore, 382, 390 
Apatite lodes, 167, 363 
in gabbro, 452 

genesis, 136, 160, 174, 175, 186 
in granite, 461 


I Apatite lodes— 

production, 454, 455 
relation to tin lodes, 420, 422 
i Apatite-magnetite deposits, 277 
Apomagmatic minerals, 353 
j Aragonite, origin, 136 
I Argentiferous chalcocite, 85 
j chalcopyrite, 85 
' galena, 85 
pyrite, 85 
; sphalerite, 85 
! tetrahedrite, formula, etc., 85 
i Argentitc, formula, etc., 85 
j origin, 131, 144 
I Ansenic, association, 166, 185, 283 
I in the earth’s crust, 154 
I native, formula, etc., 101 
price, 208 

Arsenic ores, depth-zones, 218 
primary and .secondary, 101 
world's production, 207 
Arsenide nickel and cobalt ores, nickel- 
cobalt relation, 162 
Arsenolitc, formula, etc., 101 
I Arsenopyrite, formula, etc., 101 
I Arson-silver, formula, etc., 86 
j Asbolanc, 168 
formula, etc., 97 
Asbolano deposits, 159, 162, 101 
metal content, 206 
Ascension theory. 190 
Association of ejements, 159 

arsenic, antimony, and bismuth, 160,166, 
185 

barium and manganese, 168 
calcium, strontium, and barium, 160 
ceriivn and yttrium, 160, 166 
chlorine, bromine, and iodine, 160 
cobalt ai^ manganese, 168 
copper and manganese, 168 
copper, nickel, and cobalt, 168 
copper and silver, 160, 163 ♦ 

gallium and indium, 160, 162, 163 
gold and manganese, 168 
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Association of olomcnts —coniiimed 
gold and tellurium, 159, 109, 184 
iron and manganese, ICO 
iron and titanium, 159, 167 
lead and silver, 160, 163, 104 
nickel and cobalt, 159, 160, 162, 168 
niobium and tantalum. 160, 160 
platinum, 160, 165 
quicksilver and gold, 169 
quicksilver and silver, 109 
silver, bismuth, and cobalt, 169 
silver and gold, 160, 164 
silver and manganese, 168 
sulphur and selenium, 160, 1(56 
tin and copper, 167 
tin and fluorine, 150 
tin and germanium, 160, 166 
tin and silver, 168 
vanadium and iron, 167 
vanadium and titanium, 167 
wolfram and arsenic, 1(50 
wolfram and uranium, 166 
zinc and cadmium, 160, 162 
zinc and lead, 168 
Asymmetrical structure, 114 
Atacamite, formula, ele., 89, 219 
Atmosphere, 147, 149 

Attendant faulting, indication of ore- 
deposits, 223 
Augite, origin, 349 
Auriferous arsenopyrite, 76 
ehalcopyrite, 76 
pyritc, 76 
stibnite, 76 
Awaruite, 340 
Axinitizatioii, 349 
Azurite, formula, etc., 89 

Banatite, 356 

Banded stnicture, 111, 113, 273, 308, 331, 
350, 380,447 
Barite, 302 

as gangiie, 106, 184, 302 
origin, 137 

Barium, association, 168 
in the earth's crust, 152 
Baryspherc, 147 
Bauxite, formula, etc., 

Beryllium, in the earth's crust, 152 
Binary eutccticum, 128 
Biotite, in the eruptive rocks, 149 
Bismite, formula, etc., 1(K) • 

^smuth, association, 160, 166, iC8, 169, 
185, 283 

formula, etc., 100 

Bismuth ores, primary and secondary, 1(X) 
Bismathinite, formula, etc., 100 
origin, 131 

Bismuthite, formula, etc., 100 


Bitter springs, 135 

Blackband Ironstone, formula, etc., 92 
Bog-iron ore, 75, 137, 192 * 

iron-manganese relation, 161 
Bore-holes, 60 
Boric acid, 133 

Bornite, formula, etc., 89, 283 
Bornite deposits, 300 
Boron, in the earth’s crust, 151 
Boron minerals, 135, 180, 184 
Botryoidal iron ore, 368 * 

Boulangeritc, formula, etc., 8(5 
Bournomte, formula, etc., 86 
Braunitc, formula, etc., 94 
Brecciated structure, 117, 261, 272, 284,302, 
310, 313, 433 

Bromargyrite, formula, etc., 85 
occurrence, 218, 219 
Bromide, 145 

Bromine, in the earth's crust, 150 

Cadmium, association, ICO, 162 
])ric(‘, 208 

world’s yiroduction, 207 
Ca'siurn, in the earth’s crust, 152 ^ 

Calamine, formula, etc , 87 * * • 

Caluvcnte, formulj*, etc., 76 
Calcitc, as gaiiguc, 184, 185, 21\ 
origin, 136 * 

(‘alcium, association, 160 

in the earth’s crust, 1.52, 1.56 
Calcium-uramto, formula, etc., 102 
(.’arhon, 129, 2.54 
in the earth's crust, 152 
r(d.ort-, 130 
{.'arbonaios, 105, 302 
origin, 138, 214 
CassitcTite, formula, (dc., 99 

occurrence, 406, 408, 410, 423, 440, 447 
origin, 130, 131 
types, 416 

Cassiterite deposits, 352, 3.53 
genesis, 347 
occurrence, 444 
Catalytic action, 132 
Caving fracture, 67 
Cavity-fillings, 12, 37, 111, 117, U5 
nomenclature, 68 

Cementation ores, 125, 301, 322, 400 
antimony, 101 
arsenic, lOl 
copper, 90 
gold, 76 
lead, 87 
quicksilver, 84 
silver, 86 ' 

Cementation zone, 10, 66,124,140, 212,216, 
221, 321, 399 
copper deposits, 369 
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Cementation zone —continued 
gold tellurido lodea, 83 
gravel-deposits, 77 
motal content, 75, 321 
Cerargyrito, formula, etc., 85 
occurrence, 218, 219 
Cerium, association, 180, 166 
in the earth’s crust, 152 ^ 

Cerium ores, 103 
CoruBsite, 137 
formula, etc.,*86 
Cervantite, formula, etc., 101 
Chalcedony, as gangiio, 104 
origin, 137 

Chalcocite, argentiferous, 85 
formula, etc., 89 
origin, 131 

Chalcoi)yrite, 282, 406 
argentiferous, 85 
auriferous, 76 
formula, etc., 89, 104, 144 
origin, 131, 140 
Chamber deposits, 41 
Chambered veins, 68 
Cham^isite, formula, etc., 92 
C'Jlenucabgl'dlogmal alterations^ 65 
Chemistvy, nichcl-pyrrlutlito deposits, 282 
Chimney (efoposit^, 36, 68, 393 
Chloantite, fonmila, etc., 95 
Chlor-apatitc, 176 
Chlorides, origin, 133, 145, 214 
Chlorine, in apatite hides, 176 
in the earth’s enist, 150 
in gold lodes, 184 
Chrome oxide, yirico, 208 
Chromite, association, 347 
formula, etc., 99, 343 
Chromite deposits, 169, 173, 312 
genesis, 245, 269, 344 
metal content, 206 
occurrence, 244, 247, 248, 249 
Chromium, association, 347 

in the earth’s crust, 153,156, 109,173, 244 
Chromium ores, 99, 206, 254 
motal content, 206, 249 
price, 219 

world’^ production, 207 
Chryscolla, formula, etc., 89 
Cinnabar, formula, etc., 84, 457 
occurrence, 484, 485, 487 
Cinnabar depo.sits, 136 
genesis, 182, 461 
nature of occurrence, 472 
occurrence, 471, 474 
Classification of ore-deposits, 12, 227-241 
Beck, 230 
Bergoat, 237 

Beyschlag, Krusch, and Vogt, 238-241 
Burat, 228 


Classification of ore-dc]»oBitH —^oulinited 
Callon, 230 * . 

von Cotta, 229 
difficulties, 237 
discussion, 239 
Fuchs and do Launay, 234 
Grimm, 230 ^ 

von Groddeck, 232 
Gurieh, 235 
Hofer, 235 
Komp, 2,'lS 
Kohler, 230 
Lottnor-.Serlo, 230 
Naumann, 230 
Neve Foster, 230 
Vhilli])s and Louis, 231 
Posepn^, 234 
principles, 228 
Stelzner, 232, 235 
\h)gt, 236 

von Waldenstein, 228 
von Weissenbach, 228 
Werner, 228 
AVhitncy, 228, 231 
(’lay Ironstone, formula, ete., 92 
Cobalt, association, 162, 168, 169, 287, 347 
in the earth’s crust, 153, 156, 254 
price, 208 

world’s ]>roduction, 207 
tVibalt-arsenopyrite, formula, etc., 97 
Cobalt fahlbands, 162 
(.’obalt lodes, faulting, 25 
(’obalt ores, 73, 97, 133 
metal content, 206, 344 
occurrence, 206 
Cobaltiferous jiyrito, 97 
pyrrhotite, 97 

CPbaltite, formula, etc., 97, 283 
Cockade oic, 114, 117 
Coloradoilo, formula, etc., 80 
Colouring, indication of ore-deposits, 222 
Com])aet structure, 120 
Complo.K filling, 108 

Composite lode. Cotta and Naumann, 38 
Krusch, 40 

Composition of earth’s crust, 147, 149 
('oncentric crusted struotiire, 113, 114, 119 
(.’onoentrie ore. fi+, 117 
Concretionary deposits, 45 
Conformable ore-deposits, 194 
Contact-deposits, apomagmatic and peri- 
magmatic, 353 

assumed (mursc of mineralization, 407 * 

collateral,and immediate, 179, 350 

copper, 360, 396 

definition, 35, 141, 178-180, 348 

distribution, form, etc., 35 

genesis, 35, 352, 403, 404 

iron, 160, 353, 356, 360, 366, 369, 373, 370 
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Contact-deposits —continued 
manganese, 387 
metal content, 354, 404 
nature of occurrence, 349, 403, 404 
occurrence, 354, 356, 360, 373, 398, 402, 
404 

oxide, 354 
production, 405, 407 
properties, 37, 69 

relation to magmatic segregations, 352 
relation to tin deposits, 352, 411, 422 
silver-lead-zinc, 399 
stages in formation, 180, 349, 352 
stanniferous, 406, 408, 409 
sulphide, 364, 396 
zinc-manganese, 394 
Contact iron ore, 180 
genesis, 174 
Contact lode, 36, 69 

Contact-motamorphic deposits, 12, 69, 141, 
243, 277, 370, 391 
relation to tin deposits, 442 
Contact-metamorphism, mineral formation, 
141, 349, 359, 427 

origin of ore-deposits, 172, 178, 180, 318, 
362, 397, 403, 405, 408 
Contact-motasomatis, 180, 349, 372 
Contact minerals, 180, 349, 350, 353, 357, 
402, 408 

Contact super-motamorphiam, 180 
Contact zone, 35, 141, 179, 446 
Content of ore-deposits, 1, 171 
Contraction joints, 64 
Copper, association, 163, 167, 168, 287, 
347 

content, 201 

in the earth’s crust, 154, 156 

native, 140, 163, 214, 301, 346 

occurrence, 198 

ores, 89 

origin, 144 

price, 208 

production from pyrite deposits, 327 
world’s production, 207 
Copper-cobalt lodes, primary depth-zones, 
212 

C/Oppor deposits, 168, 170. 181, 340, 353, 
369, 360 • 

copper-silver relation, 163 
depth-zones, 210, 211, 214, 215, 216 
genesis, 188, 346, 397 
ffold-silver relation, 166 • 

metal content, 166, 198 
nature of occuiTence, 396 , 

oocurrence, 396, 409 
production, 398, 436 
Copptr lodes, 398, 403, 423, 433 
Copper-nickel relation, 165, 283 
Copper ore, metal content, 201, 206 


« 

Copper ore— continued ^ 

occurrence, 198, 300, 398, 405, 433, 434 
primary and secondary, 90 • 

I Copper-shale, 163, 166 
Copper-silver deposits, depth-zones, 216 
Copper-silver relation, 155, 163 
Copper sulphides, auriferous, 403 
Coppor-uranito, formula, etc., 102 
Corundum, ffjS 
I origin, 130, 131, 132 
I Corundum deposits, 249, 2!f7 
i Covellite, formula, etc., 89 
I Critical temperature, 132, 363, 419 
i Crookito, origin, 130 
Cross lodes, 62 

Crusted structure. 111, 406, 417, 441 
Cryolite, formula, etc., 103 
I Cryolite deposits, 135, 422 
occurrence, 450 

Crystallization from molten conilition, 127, 
172 

Cupriferous pyrite, formula, etc., 89 
, pyrrhotitc, formula, etc., 89 
i Cuprite, formula, etc., 89 

I Danaito, 283^ 

Deflection, lode, 4J^, 70, 434 
Depth-zones, 75, 209 
primary, 209, 221, 322 * 
secondary, 1), 212 
I cementation, 213, 221 
oxidation, 212, 221 
Dcsconsion theory, 189 
I Dctrital deposits, 14, 195, 342, 445, 447 
I Deviation of lodes, 70 
I Diamond, origin, 129 
j Diasporite, 359 
' formula, etc., 103 
' Didymium, in the earth’s crust, 152 
I Differentiated lodes, 243, 257, 269 
^ Diopside, origin, 349, 362 
^ Dip junction, 70 
Diskrasite, formula, etc., 85 
: Distribution of elements, 147 
i acid, 157 

I aluminium, 162, 156 
I allanito, 151 

I antimony, 154 
arsenic, 154 
barium, 152 
basic, 167 
i beryllium, 152 
boron, 161 
bromine, 160 
I csesium, 152 

; calcium, 162, 156 

j carbon, 162 

! cerium, 162 

I chlorine, 150 
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Distribution of elements —coniintted 
chromium. 163, 156 
cobalt, 153, 160 
copper, 164, 166, 166 
dMyinium, 162 
fluorine, 160 
gprmaniiim, 161 
gold, 154, 156 
hydrogen, 150 
iodine, 160 
iron, 162, 150* 
lanthanum, 152 
load, 164, 156 
lithium, 162 
magnesium, 152, 15(i 
manganese, 163, 166 
mercury, 166 
molybdenum, 154 
monazite, 151 
neutral, 168 
nickel, 163 156 
niobium, 154 
nitrogen, 160 
noble earths, 151 
oxy^fcn, 149 
•phosphorus, 151 
platiuKin^ 154, 150 * 

potassium, 162^ 155 
quicksilver, 164 
radium, 154 
rubidium, 162 
selenium, 150 
silicon, 161 
silver, 164, 156 
sodium, 152, 155 
strontium, 162 
sxdphur, 160 
tantalum, 154 
tellurium, 151 
thorium, 152 
tin, 154, 156 
titanium, 151 
uranium, 164 
vanadium, 153 
xenotime, 151 
yttrium. 152 
zinc, l -t, 166 
zirconium, 161 

Disturbances, epigenetic deposits, 48 
syngenetic deposits, 17 
Drusy structure, 93, 118 
Dynaino-metamorpbism, 313 

Earth’s crust, composition, 147, 149 
iron-manganese relation, 162 
specific gravity, 147, 171 
Earths, noble, in the earth’s crust, 161 
Eisengranitelf 260, 267 
Electrolysis, 139, 145, 164 


Elements. >S'ee Association and Distribution 
acid, 157, 172 
basic, 157, 172 
neutral, 158, 172 
Elvans, 433 

Endokinetic fissures, 62 
Epidote, origin, 349 
Epigenetic deposits, 12, 35, 269 
disturbances, 48 
Erythrite, formula, etc., 97 
Eutccticum, 128 
Exokinctic fissures, 62 

Eahlbands, 46, 46, 280, 282, 285, 312 
cobalt, 162 
form, 48 
genesis, 339 
intrusive, 337 
nature of occurrence, 338 
Ealse walls, 8, 38, 387 
Faulting, attendant, 223 
step-, 28, 70 
syngenetic deposits, 25 
unravelment, 30 
Faults, 62, 335, 3G2, 363 
fold-, 21 
transverse, 318 

Felspar, in the eruptive rocks, 149, 423 
Fcrrification, 349 
Ferruginous mica-schists, 194 
iron-manganese relation, 160 
Filotia plombif'eres, 422, 423 
stayimf^res, 422, 423 
Fissures, anticlinal, 62 
arrangement, 69 
endokinetic, 62 
exokinetic, 62 
synclinal, 62 
tension, 63 
tortion, 63 
Flats, 69 
Floze, 417, 425 
Flucan, 108 

Fluidal structure, 272, 275 
Fluor-apatitc, 176, 270 
Fluorides, 133, 352* 

Fluorine, in the i^arth’s crust, 150 
in gold lodes, 184 
in tin lodes, 175 
Fluorine minerals, 135, 185 
in contact deposits, 180 
Fluoritb, 273, 302, 352 
as ganguo, 106, 184 
origin, 137 
Fluoritization, 415 
Fluxes, 74, 107 
Fold-faults, 21 

Folding, epigenetic deposits, 48 
syngenetic deposits, 17 
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Fracture, cause, 61 
caving, 67 
duration, 67 

impregnation, 416, 423, 433 
Franklinite, formula, etc., 87 
Free milling ore, 220 
Fumaroles, 133, 461 

Oabbro, 252, 281, 284, 452 
Galena, dei)th-zonos, 210, 218 
formula, etc., 86, 283 
origin, 131, 140 
(lallium-zine relation, 163 
Gang^ 68 
Gangue, 71, 104 
Garnet, 351 
origin, 349 
Garnetization, 349 
Garnet ores, 162 

Garnierito deposits, 159, 102, 170, 191 
genesis, 300 
metal content, 205 
Gash veins, 68 

Genesis of ore-deposits, i, 127, 171, 347 
Geological position, 1, 3, 171 
nickel-pyrrhotite deposits, 280 
Germanium, as.sociation, 160, 166 
in the earth’s crust, 151 
Gersdorffito, 283 
Geysers, 135 

Gold, association, 164,168,169 184, 214,283 
in the earth’s crust, 154, 156 
native, 346 
ores, 76 

origin, 139, 144, 220 
world’s production, 207 
Gold lodes, 168, 184, 353, 359 
metal content, 166, 202 
Gold ore, metal content, 74, 206 
occurrence, 202 
primary and secondary, 76 
Gold-quartz lodes, old, 164, 165, 315 
genesis, 188 
Gold selenido ores, 83 
Gold-silver lodes, 134, 151, 167 
young, 164, 165, 167„169, 222 
genesis, 174, 182, 184, 185 
stages in formation* 186 
Gold-silver relation, 164, 165 
Gold telluride lodes, 83, 151, 359 
Gossan, 9, 220, 321 
(i^uge, 38, 108 
Gouy Chaperon’s law, 147 
Graphite, origin, 129 • 

Gravel-deposits, 3,12, 17, 103,195,202,342, 
423, 436, 437 
autiferous, 6 
eluvial, 17, 344, 446 
fluviatile, 17, 445 


Gravel-deposits —continued 
marine, 17 

metal content, 74, 442 
occurrence, 442, 447 
primary and secondary, 77 
production, 345, 424, 431, 436, 443, 444, 
446 

Gravel-tin, 447 

Groison formation, 134, 143, 175, 185, 414, 
420 

Ground plan, 50 ^ 

Ground-water, 8 

Ground-water lov'ol, 10, 75, 322 

Haardari, 309 

Hscmatitc, formula, etc., 92 
iron-niangancse relation, 160 
Hajinatite deposits, 213 
HallefUnta, 275 
tiaukis schists, 270 
Hausmannite, formula, etc., 04 
Heated watiTs, action of, 186, 190 
Heavy metals, 73 

Hemimorphite, formula, etc., 87, 163 
Hessite, formula, etc., 80 ^ 

Horizontal lateral displacemcifl!?| 32 
unravclmej-.t, • 

Hornblende, m the eruptive ro'bks, 149 
origin, 349 

Hubnerite, formula, ete., 448 
Hydrogen, in the earth’s crust, 150 
Hydrosphere, 147, 149 
Hydrozincite, formula, etc., 87 

Jdrialitc, formula, ete., 84 
Jlmenite, Ml 

metal content, 251 
llmcnite deposits, genesis, 251 
occurrence, 250, 256, 259 
titanic acid content, 253, 259 
Impregnations, 12, 44, 90, 321 
[mpregnation fracture, 416, 423, 433 
Indicator ores, 76, 86, 92 
Indium, association, 162, 163 
Injection theory, 190 
Intrusive dei>osits, 275, 280, 288 
chromite, 248 ® 

pyritc, 173, 301, 304, 314, 315, 327, 330, 
332, 333, 336, 337 
Intrusive fahlbands, 337 
Iodide, 145 

Iodine, in the earth’s crust, 150 
lodyrite, formula, etc., 85 
Iridium, 342 

Iron, association, 159, 167 
in the earth’s crust, 162, 166 
native, 139, 342 
ores, 92 
origin, 137 
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Iron— conii'^ied 
price, 208 

world’^ pr<Muction, 207 
Iron-cap, 220 

Iron depositH, 143, 171, 173, 350 
composition of oro, 264,362,365,367,368, 

371, 377 

genesis, 194, 267, 275, 276, 344, 353, 357, 
362, 363, 369, 372, 377, 38'J, 390 
history, 372 

metal content.il97,261,264,273,357,362, 

372, 377, 383, 393 
motaHoniatio, 181, 197 

nature of occurrence, 261, 264, 271, 273, 
277, 355, 357, 361, 363, 366, 370, 373, 
376, 379 

occurronoe, 259, 260, 264, 26(), 270, 272, 
277, 354, 360, 363, 366, 369, 373, 376, 
379 

])roduction, 266, 275, 359, 363, 366, 372, 
391, 392, 393 

Iron-riiaiiganose ores, 161, 181 
Iron-mangancso relation, 153, 160, 161 
Iron oro, 181 

nict^l content, 73, 74, 94, 206, 264, 273 
♦ceurrcm>,‘*196, 403 • 

primary and secondary^ 93 ^ 
world's pn)du<;tion, 161, 207 
Irregular coarse htructuro, 109, 118, 121,399 
Itabirite, 113, 194 

.Jamesonitc, formula, etc., 86 
Jointing block, 64 
cylindrical, 65 
irregular polyhe<lral, 64 
prismatic or eobininar, 65 
quadrangular, 65 
spheroidal, 65 
tabular, 64 

Joints, contraction, 64 
simple, 64 
Joscplnnito, 341 
\Jiimillite, 452 
Junction, dip, 70 
lode, 70, 434 
oblique, 70 
square, -H 

Juvenile s[)nngs, 135 

Kaoliniziation, 134, 318, 362, 414, 434 
Kidney ore, 119 
Killas, 431 
Kinks, 49 

Knotten ore-bod, 194 
Korallenerz, 84, 460, 480 
Krdgoroito, 278, 454 
Krennerite, formula, etc., 76 
Kupferachiefer, 25. 140. 103, 194, 223 
occurronco, 198 


Ladder lodes, 65 
Lake-iron ore, 137, 192, 193 
iron-manganese relation, 161 
Lanthanum, in the earth’s crust, 152 
Lateral displacement, 7, 26, 32, 33 
Lateral secretion theory, 148, 157, 171, 186, 
189, 191 

Latcritc, ore fragments, 224 
Laurionite, formula, etc., 145 
Laurite, formula, etc., 342 
Law of mas.s action, 143 
Lead, association, 103, 164, 168, 283 
in the earth’s crust, 154, 156 
native, 140 
ores, 86 
price, 208 

world’s production, 207 
Lead deposits, 143, 353 
Load ore, metal content, 206 
oceurrenoe, 205 
primary and secondary, 87 
I^ead-silver deposits, 214, 325, 422, 434 
production, 436 
liCad-silver relation, 155 
Jjead-ziiic-siiver de])osits, 180, 186 
genesis, 401 

nif'tal content, 400, 428 
nature of occurrencts 399, 400 
old, genesis, 186 
protluctiou, 402 
Ijcad-zinc ores, 181 
Lebererz, 460, 480 
formula, etc., 84 
Lcucite, 131 

I.oucopynte, formula, etc., 404 
Limonitc, formula, etc., 92, 94 
manganese content, 161 
origin, 321 

iJnnajito, formula, etc., 97 
Literature, text-books and manuals, periodi¬ 
cals, general maps of orc-dcposits, 11 
Litliiiim, in the earth’s crust, 152 
Lithosphere, 147, 149 
Lodes, ago, 67 
auriferous, 109 
behaviour, 70 ^ 

composite, 38, 40 
contact, 36, 69* • 
cross, 62 
definition, 2 
deviation, 70 

differimtiatcd, 243, 257, 269 
genesis, 190 
intrusive, j^48, 280 
ladder, 65 
parallel, 70 

primary depth-zones, 209 
radial, 70 
simple, 37 
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Lodes —conlinued 
strike, 62 
tectonic, 433 

Lode deflection, 48, 70, 434 
Lode Assures, 69 
Lode junction, 70, 434 
square, oblique, dip, 70 
Lodestuff, 104 

Lode-system, or -series, 69, 203 
, XiOde walls, 8 

Lollingite, formula, etc., 101, 404, 408 
Load-zinc deposits, 8, 121, 187, 398 
argentiferous, 168 
metasomatic, 215, 218 
Lean ores, 276, 382, 390, 393 
iron-manganese relation, 160 

Magmatic differentiation, 171,172,191,242, 
251, 267, 269, 276, 277, 281, 286, 295, 
311, 312, 331, 362, 390 
Magmatic segregations, 1, 12, 13, 111, 117, 
173, 190, 242, 276, 289, 298, 300, 312, 
360, 404 

apatite-iron deposits, 160, 173, 259 
bomite deposits, 300 
chromite deposits, 169, 173, 244, 269, 
299 

connecting links, 347 
corundum deposits, 249 
depth-zones, 209, 211, 321 
form, distribution, size, 13, 14, 174 
ilmenite dej)Osita, 250 
intrusive fahlbands, 337, 340 
intrusive pyrite deposits, 301, 303, 304, 
314, 315, 327, 330, 332, 333, 336 
iron deposits, 173, 259, 264, 266, 270, 272 
iron-manganese relation, 160 
metal content, 153, 165, 162. 287 
metal deposits, 243, 340 
native copper and native gold, 345 
niccolite and chromite deposits, 299 
nickel-iron deposits, 340 
nickeliferous iron deposits, 342 
nickel-pyrrhotite deposits, 96, 173, 280, 
289, 293, 294, 297 
oxide deposits, 243, ^44 
platinum deposits, 342^ 
relation to contact-dfcposits, 352 
rutile deposits, 277 
stages in formation, 174 
sulphide deposits, ^3, 278 
- titaniferous iron deposits, 160, k73, 243, 
254, 269 

titaniferous magnetite deposits, 250 
Magnestt-mica, 131 

Magnesium, in the earth’s crust, 162, 166 
Magnetic prospecting, 224 
Magnetism, indication of ore-depo»its, 224 
Magnetite, 270, 283, 380, 406, 406 


Magnetite —corUinued 
formula, etc., 92 
origin, 130, 141 
Magnetite deposits, 213, 261 
metal content, 196 
Magnetite ore, 266 

iron-manganese relation, 160 
Magnetite-speculante deposits, 379 
genesis, m, 391 
geological position, 391 
Malachite, formula, etc., 80 
Manganese, association, 160, 168 
in contact iron ore, 180 
in the earth’s crust, 153, 156 
ores, 94 
origin, 137 
price, 208 

Manganese deposits, 142, 168, 387 
genesis, 390 

metal content, 198, 388 
nature of occurrence, 388, 390 
production, 388 

Manganese iron ore, iron-manganese rela¬ 
tion, 161 

Manganitc, formula, etc., 94 
Mareasite, ffirmula, etc., 104,*283 
Mass action^law i-f, 143 
Matrix, 104 

Mechanical concentratioif, 172, 195 
Melaconite, formula, etc., 89 
Mercury, in the earth’s crust, 156 
production, 470 

Metacinnabaritc, formula, etc., 84, 457 
Metal content, 72 
asbolano, 206 
copper, 91, 198 
garniento, 205 
gold, 74, 202 
gravel-deposits, 74 
iron, 73, 74, 94, 197, 206, 264, 273 
lead, 87 
magnetite, 196 
manganese, 95, 197 
nickcl-iron, 340 
nickeliferous iron, 341 
nickol-pyrrhotite, 153, 155, 206, 206 
oxidation, cementation, aiW primary 
zones, 76 
platinum, 342 

pyrite, 163, 165, 199, 302, 306, 321, 328, 
331, 336, 337 
quicksilver, 204 
silver, 86, 202 
tin, 205 

young gold-silver lodes, 185 
zinc, 206 

Metamorphism, contact-, 141, 172, 178, 318, 
427 

dynamo-, 313 
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Metamorph^sm —continued • 

■pneumatolytic-, 134, 419, 420 
pressure-, 142, 304 
regional-, '46, 318, 379 
Metasomatic deposits, 5, 12, 113, 181 
contact, 398 | 

form, 41 
iron, 181, 197 
iron-mangancso, 1(>9 
* lead-zinc, 43, 114, 215, 218 
manganiforoiw iron, 41 
silver-lead, 402 
stages in formation, 181 
tin, 410 

zinc, 87, 109, 214 
Metaaomatis, contact-, 180, 349 
mineral formation, 142 
origin of ore-deposits, 171, 172, 181 
Mica-schists, ferruginous, 194 
iron-manganese relation, 100 
Microscopic structure, 123, 254 
Milierito, formula, etc., 283 
Minietitc, formula, etc., 80 
Mineral formation, 120 

action of gases or vapours upon solid 
b;^dies, 131 ^ 

fiction of'^tfsos upon mineral solutions, 138 
action*of solid bodies upon dolutions, 139 
action of solutions upon minerals, 141 
catalytic action, 132 
contaet-metamorphism, 141 
crystallization from molten silicate solu¬ 
tions, 127 

doc()m])(>sition of gases and vajiours by 
heat, 130 

dissipation of the medium of solution, 13G 
electrolytic precipitation, 139 
fumarolcs, solfataras, mofetfe, soHioni, 
133 

greiaeii formation, 143 
kaolinization, 134 
law of mass action, 143 
, meeting of two solutions, 137 
motasomatic alteration, 143 
mineralizing agents, 132 
mixing of two gases. 130 
pneiimaf(jl»ydatogoncsi8, 132 
pneunudoiysis, 132 

pnoumatolytic metamorphism of country- 
rock, 134 

precipitation from aqueous solution, 135 
pressuro-motamorphism, 142, 304 
propylitization, 134, 143 
sublimation, 129 
weathering, 144 
Mineralizing agents, 132 
Mineralogy, nickcl-pyrrhotito deposits, 282 
Miner’s compass, 224 
Minor’s proverb, 214 


Minetto, 197 
manganese content, 161 
Mixed ore, 321 
Mofetto. 133 

Molybdenite, association, 449 
formula, etc., 102, 283 
Molybdenum, in the earth’s crust, 154 
Molybdenum ore, 102, 450 
world’s production, 207 
Molybdenum sulphide, price, 208 
Monazite, in the earth’s crust, 151 
formula, etc., 103 

Morphology, nickcl-pyrrhotite deposits, 284 
MuIattoSy 219 
Muronaglass, 129 

Nagyagitc, formula, etc., 76 
Natural baths, 135 
Negnllodf 219 
Netw'ork, 69 

NiccoUte and chromite deposits, 299, 347 
Nickel, association, 162, 168, 287, 347 
in the earth’s crust, 153, 15t‘i, 254 
native, 139 
ores, 95 
price, 208 

world’s production, 207 
Nickel-cobalt lodes, 223 
Nickel-cobalt relation, 153, 162, 283 
Nickcliforous iron d(?poHits, 341 
Nickel-iron deposits, 340 
Nickel ore, 73 

metal content, 96, 206 
occurrence, 205 
primary and secondary, 96 
Nickcl-pyrrhotito deiiosits, 168, 173, 312 
copjier-niC’kcl relation, 155, 283 
genesis, 286, 288, 295 
geological position, 280 
gold-silver relation, 105 
metal content, 153, 155, 166, 205, 206 
mineralogy and chemistry, 282 
morphology, 284 

nature of occurrence, 291, 203, 204, 299 
nickcl-cobalt relation, 1()2, 283 
occurrence, 280, 289, 293, 294, 297, 298, 
299 * 

primary depth-znies, 211 
production, 297 
Niobium, association, 166, 446 
in the earth’s crust, 154 
Nitrogoy, in the earth's crust, 150 
Noble earths, in the earth’s crust, 151 
Nomenclature of cavity-fillings, 68 
Nordmarkit^, 354 * 

Oblique junction, 70 

Old workings, indication of ore-deposits, 
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Opal, as gangue, 104 
origin, 137 
Orangite, 103 

Ordinary or plain crusted structure, 113 
Ore, definition, 71 
metal content, 72, 206 
primary and secondary, 7.*) 

Oro-beda, genesis, form, projx'rtios, 14, 172, 
192, 195 

primary depth-zones, 212 
sedimentary, 12, 113 

Ore-deposits, ‘ classification, form, and 
graphic representation, 12, 227-241 
crystallization from molten matter, 
172 

definition, 2 

genesis, 1, 127, 172, 347 
geological position, shape, content, 1, 3, 
171 

mochanical concentration, 105 
pncumatolysis, 172, 175 
stages in forinalion, 174, 180, 181, 186, 
192 

Ore fragments, in surface detritus, 223 
Ore gravel, 3, 17 
Orc-shools, 51, 408 
Ovpiment, formula, etc., 101 
origin, 136 
Orthoclasc, 131 
Osmiridiiim, 342 
Osmium, 342 
Osmium ores, 83 
Overthrustiiig, 62, 318 
epigenetic deposits, 48 
syngenetic deposits, 21 
unravelmeiit, 23 
Oxidation ores, arsenic, 101 
bismuth, 101 
iron, 92 
lead, 87 
quicksilver, 84 
silver, 86 
zinc, 87 

Oxidation zone, 10, 66, 138, 144, 212, 214, 
215, 221, 321, 399 
copjier dejiosits, 359 
gold tellurido lodes, %3 
metal content, 75 ^ 

Oxides, origin, 214 

Oxide contact-deposits, 354, 356 

Oxide segregations, 243, 244 

chromite deposits, 244 „ 

^ corundum deposits, 249 

ii’on ore and apatite - iron ore, 259, 
26Q 

rutile deposits, 277 

titaniforous magnetite and ilmcnito, 250, 
•266, 267 

Oxygen, in the earth’s crust, 149 


P&coa, 219 
Palladium, 342 
Parallel lodes, 70 
Pencil ore, 119 
Pentlandite, 123, 282 
Porimagmatic mineralt*. 353 
Petzite, formula, etc., 76 
Phosgonitc, formula, etc., 86 
Phosphates,'218 

Plmsphorus, in contact-deposits, 180 
in the earth’s crust, 151^ 

Pimelite, formula, etc., 95 
Pipe veins, 68 

Pitchblende, formula, etc., 102 
Plans, ground, 50 
longitudinal, 50 
sections, 50 
stoping, 50 

Plants, indication of ore-deposits, 223 
Amorpha Vancseem NvU, 223 
Polycarpnea tipironyhs, 22.3 
Viola iMtea, 223 
Platinum, 342 

association, 165, 283, 343, 347 

111 the. earth’s crust, 154, 156 

metal content, 342 

native, 81^ 139, 169 

ores, 83 " 

price, 208, 345 

world's production, 20’< 

Platinum dep()sits, 342 
genesis, 343, 344 
nature of occurrenec, 343 
! production, 344, 345 
; Plication, syngenetic deposits, 17, 318 
I Plotting, 223 

j I’neumatohydatogcnesis, 132, 277, 352 
! I’neuniatolysis, mineral formation, 132 

origin of ore-deposits, 171, 172, 176, 190, 
275, 277, 289, 347, 352 
Pneumatolytic deposits, 243 
Pncumatolytic metamorphism, 134, 419, 
420 

Polianilo, formula, etc., 94 
i’olybusite, formula, etc., 85 
Polycarpaca Spirosylis, 223 
Polydymitc, formula, etc., 283 ^ 
Potassium, in the earth’s crust, 152, 165 
Precipitation from solution, mincial forma¬ 
tion, 136 

origin of ore-deposits, 171, 172, 182 
Pressure, 132, 145, 147, 209, 211 
Pressuro-motamorphism, 142, 304 
Primary depth-zones, 209, 322 
Primary ores, 216 
aluminium, 104 
antimony, 101 
bismuth, 100 
gold, 76 
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Primary ovbs— c4>rUinued 
. iron, 93 
lead^ 87 
(liiicksilver, 84 
silver; 85 
tin, 09 * 

zinc, 87 

Primary zone, 10, 66, 126, 214, 221, 322, 399 
gold tellurido lodes, 83 
metal content, 75- 
native gold, -S 
Propylite, 134 

Propylitization, 134, 143, 185 
Proustite, formula, etc., 85 
origin, 131 

Proverb, minor’s, 214 
PsUoraelano, formula, etc., 94 
Pyrargyrite, formula, etc., 85 
origin, 131 

Pyrite, 264, 282, 302 
argentiferous, 85 
auriferous, 76, 346 
depth-zones, 215 
formula, etc., 104 
orimn, 131, 132, 138, 140 
^ stfmniforous, 99 • 

Pyrite deposits, 166,168^181^88,301 
composit’on of ore, 307,314,322, 330, 335 
depth-zones, 2!2. 213, 215, 321 
disturbances, 318, 335 
genesis, 171, 173, 194, 303, 311, 313, 315, 

318, 325, 331, 335, 336 
history, 313, 325, 328 
iron-manganese relation, 160 
metal content, 163, 165, 199, 302, 306, 

314, 321, 328, 331, 335, 337 

nature of occurrence, 302, 304, 310, 313, 

316, 318, 320, 324, 328, 330, 332. 333, 

336 

occurrence, 302, 303, 304, 308, 309, 314, 

315, 327, 330, 332, 333, 336 
production, 303, 313, 315, 326, 327, 332, 

337 

-relation to nickel-p 3 rrrhotito deposits, 312 
Pyrolusito, formula, etc., 94 
Pyromorphite, formula, oto., 86 
Pyroxene i the eruptive rocks, 149 
Pyrrhotite, 282, 302 
formula, etc., 104 
origins.131 

Pyrrhotite-gabbro, 284, 287 

Quartz, 131, 137 
in the eruptive rocks, 149 
as gangue, 104, 184, 185, 211 
Quartz-banded ore, 262 
Quartz 1(^68, 135, 346, 471 
auriferous, 398 
occurrence, 449 


I Quartz-magnetite deposits, 260, 276 
j Quicksilver, association, 169 
I in the earth’s crust, 154 

! formula, etc., 84 

i price, 208, 463, 468 

i native, 487 ’ 

world’s production, 207, 463 

I Quicksilver antimony ores, 474 
i Quicksilver deposits, 170, 185, 363 

genesis, 174, 182, 460, 461, 476, 480, 
484 

I metal content, 204, 462, 470, 477, 486 
mineral association, 469, 476, 484 
nature of occurrence, 458, 462, 465, 469, 
476, 480, 483, 485, 486 
occurrence, 457, 458, 461, 464, 466, 466, 
467, 469, 470, 474, 476, 478, 479, 482, 
483, 485, 486 

production, 468, 470, 471, 475, 477, 480, 
j 482, 484, 485, 487 

j Quicksilver ore, genesis, 462 
; metal content, 206 
j occurrence, 204 
' primary and secondary, 84 
1 Quicksilver-tctrahedrite, formula, etc., 84, 
I 144 

Radial lodes, 70 
Radial structure, 216 
Radium, 102 
in the earth’s crust, 164 
Realgar, formula, etc., 101 
origin, 136 

\ Reduction, 139, 145 
I Reefs, 203 

saddle-, 63, 399 

; Rcgional-mctamorphism, 46, 318, 379 
Reniform structure, 215 
Retort-carbon, origin, 130 
Rhodium, 342 

Rhodochrosito, formula, etc., 94 
Rhodonite, formula, etc., 94 
Ridges, indication of ore-deposits, 222 
Rissey 427 

Rock inclusions, 71, 107 
Rubidium, in the earth’s crust, 162 
Ruthenium, 342* 

Rutile, origin, 130*131 
price, 208 

Rutile deposits, 277 
production, 454 

Saddle*reefs, 63. 399 
Scapolite, 352, 420 
origin, 3#9 

Scapolitization, 135, 176, 420 * 

Schoolite, formula, etc., 102 • 

Schuchardite, formula, etc., 102, 448 
Secondary depth-zones, definition, 9, 212 
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Secondary depth-zones —corUinued 
cementation, 213 
oxidation, 212 

Secondary enrichment, 10, 210, 323, 369 
Sections, longitudinal, 50 
transverse, 60 

Sedimentary ore-bods, 12, 14, 172, 193, 
276 

Sedimentation, 102, 390 
Selenite, origin, 134 
Selenium, association, 83, 160, 166 
in the earth’s crust, 150, 188 
Selvage, 38 

Senarmontitc, formula, etc., 101 
Shape of ore-deposits, 1, 171 
Sideritc, depth-zones, 215 
formula, etc., 92 
iron-manganese relation, 161 
as ore and gangue, 73, 106 
origin, 131 
Sidei ito lodes, 116 

primary depth-zones, 211, 212 
secondary depth-zones, 213 
SilberscMefer, 479 
Silica, 137 
Silicates, origin, 138 
Silicification, 349 
Silicon, in the earth’s emst, 151 
Silver, association, 163, 164, 168, 169, 
283 

in the earth’s crust, 154, 166 
native, 131, 139, 140, 163, 169, 464 
ores, 85 
price, 208 

world’s production, 207 
Silver-cobalt ores, 408 
Silver deposits, 164, 168, 169, 187, 353 
depth-zones, 214, 215 
metal content, 166, 202 
Silver-gold lodes, 169, 462 
Silver-gold relation, 155 
Silver-lead lodes, 214 
old, 164 

Silver-lead relation, 164 
Silvor-lead-zinc deposits, 180 
genesis, 401 , 

metal content, 400 ^ 

nature of occurrence, 599, 400 
production, 402 
Silver ore, metal content, 206 
occurrence, 202 
primary and secondary, 85 
Si^er tin lodes, 166, 184, 423 
genesis, 174, 185 
Simple filling, 108 
Simple j<hnt6, 64 
Simple lodes, 62 
Sham, 377, 383, 393, 406 
Skuttorudih;, formula, etc., 97 


Smaltite, formula, etc., 97 

Smaltite lodes, 169 

Smaragdite, 451 r 

Smithsonite, 137, 163 

Sodium, in the earth’s crust, 162, 156 

Soffioni, 133 ” 

Solfataras, 133, 182, 461, 464 
Specularite, 270, 380 
formula, etc., 92 
origin, 130, 131, 133 
Sporrylito, formula, etc., 83, 284, 342 
Sphalerite, depth-zones, 210, 218 
formula, etc., 87, 283 
gallium-zinc relation, 163 
indiura-zinc-relation, 163 
origin, 131, 140 
zinc-cadmium relation, 162 
Springs, indication of ore-deposits, 223 
bitter, 135 
geysers, 135 
juvenile, 135 
natural baths, 135 
sweet, 135 
thermal, 135, 461 
vadoso, 135 

Square junctitm, 70 . i- 

Stahlerz, formula, <^tc., 84. 480 
Stanniferous pyritc, formula, etc.. 99 
Stanniferous contact - deposits, 406, 408, 
409 

genesis, 406, 408 
metal content, 405, 410 
nature of occurrence, 405, 408, 410 
production, 407 
Stannite, formula, etc., 99 
Step-faulting, 28. 70 
Stephanito, formula, etc., 85 
Stiblite, formula, etc., 101 
Stibnite, formula, etc., 101 
origin, 131 
Stock, 35 

Stockworks, 64, 69, 417, 425, 433, 440 
Strike lodes, 62 
Stromeyerito, formula, etc., 86 
Strontium, in the earth’s crust, 162 
Structures, 108, 126 
asymmetrical, 114 q 

banded, 111, 113, 273, 308, 331, 360, 380, 
447 

brecciated, 117, 261, 272, 284, 302, 310, 
313, 433 
compact, 120 

concentric crusted, 113, 114, 119 
crusted, 111, 406, 417, 441 
drusy, 93, 118 
fiuidai, 272, 275 

irregular coarse, 109, 118, 121, 399 
microscopic, 123, 264 
ordinary or plain crusted, 113 
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Structures —continued 
radial, 215 
reiiiforrft', 215 

secondary coarse intergrowth, 110 
syramotrical, H4, 426 
Sublimation, 129 
Sulph-antimonidos, origin, 131 
-arsenides, origin, 131 
Sulphates, 133 

Sulphides, solubility in silicates, 278 
Sulphide gold deposits, 220 
Sulphide load-zinc deposits, 222 
Sulphide lodes, 166 

Sulphide nickel and cobalt ores, nickel- 
cobalt relation, 162 
Sulphide ores, 214 
origin, 131, 138 

Sulphide segregations, 243, 278 
bornite deposits, 300 
intrusive fahlbands, 337 
niccolite and chromite deposits, 299 
nickol-pyrrhotit-o deposits, 280, 289, 293, 
294, 297. 298, 299 

pyritc deposits, 301, 304, 314, 315, 327, 
*330, 332, 333, 336 ^ 

^Sulpliide‘veins, 284, 288 
Snlpbidio enrichment,*216 ♦ 

Sulphur deposits, 200 
genesis, 100 

Sulplnir, native, formula, etc.. 104, 166, 
216 

associntion, 160, 166 
in contact iron ore, 180 
in the earth’s crust, 150 
origin, 131, 133, 136 
price, 208 

Sulphur-ores, definition, 73 
primary and secondary. 104 
Sulphur-selenium relation, 166 
Suporsaturation, 128 
Swarm, 69 
Sweet springs, 135 
Sylvanite, formula, etc., 76 
Symmetrical structure, 114, 426 
Synclinal axis, 19 
fissures, ‘52 
Sjmclinj'^, 17 
Syngenotic deposits, 12 
disturbances, 17 

Tantalum, association, 166, 446 
in the earth’s crust, 154 
Tectonic depression, 29 
elevation, 29 
fissures, 62 
lodes, 433 

ToUurido deposits, 167, 169, 219 
Telluride gold ores, classification, 82 
formulae, etc., 80 


Telluride gold ores —continued 
properties, etc., 79, 188, 219 
Tellurium, association, 160,166,169,184 
in the earth’s crust, 161 
Temperature, 136, 138, 145, 209, 211, 
278 

critical, 132, 353, 419 
Tension fissures, 63 

Tetrahodrite, argentiferous formula, etc., 
85 

formula, etc., 89, 462 
origin, 131 

Thalcn’s magnetic corrector, 224 
Thermal springs, 135, 461 
Thomas ore, 196 
Thomas process, 75 
Thorite, formula, etc., 103, 453 
Thorium, in the earth’s crust, 152 
Thorium ores, 103 
Thorium oxide, price, 208 
Thuringito, formula, etc., 92 
Tiberg clinometer, 224 
Tin, ns.sociation, 166, 167, 168, 175, 418 
in the earth’s crust, 154, 156 
isolated position, 169 
ores, 99 
price, 208 

world’s production, 207, 424 
Tin-copper deposits, 167, 421 
depth-zones, 209, 216, 434 
Tin deposits, 168, 190, 351, 410, 412 
dopth-zones, 211, 217 
form, 425 

genesis, 134, 143, 150, 174, 175, 186,418, 
419 

metal content, 205, 424, 428 
mineral association, 418, 447 
nature of occurrence, 413, 417, 427, 430, 
445 

occurrence, 425, 429, 430, 431, 433, 437, 
441, 444, 446, 447 
production, 428, 436, 446 
relation to apatite lodes, 420 
relation to contact-deposits, 352, 411, 
423 

relation to contlict-metamorphic deposits, 
442 ' . 

stages in formation, 175, 352 
Tin-floors, 417, 425 
Tin gravels, 205, 423, 436, 447 
Tin ore, 133 

mdtal content, 206 ’ ^ 

occurrence, 204, 405, 416, 423, 427, 433, 
434 . 

primary and secondary, 99 * 

Tin oxide, in the earth’s crust, 164, 166, 
417 • 

Tin-silvor lodes, 166, 184, 217^ 
genesis, 174, 185 



602 


ORE-DEPOSITS 


Tin-silver lodes —continued 
metal content, 205 
Tin-wolfram deposits, 421 
Titanic acid, 276, 302 
Titaniferous iron deposits, 160, 167, 169, 
173, 243 

genesis, 246, 265, 269, 276 
metal content, 254, 347 
nature of occurrence, 255 
occurrence, 254, 265, 256, 257, 259, 269 
Titaniferius lodes, 135 
Titaniferous magnetite, 283, 287 
Titaniferous magnetite deposits, 250 
composition of ore, 254 
genesis, 251 

Titanium, association, 159, 167 
in contact iron ore, 180 
in the earth’s crust, 149, 151 
Titanium lodes, 422 
Titanomagnotito-spinelito, 254 
Topaz, 131 
Topazification, 415 
Torraten, 276, 382, 390 
Tortion fissures, 63 
Tourmaline, 184, 446 
Tourmalinization, 349, 422, 433, 448 
Transverse faults, 318 
Tungstic acid, price, 208 

Unravclment, faulting, JU) 
lateral displacements, 33 
lode deflections, 49 
vertical displacements, 32 
Uranates, 218 
Uranium, association, 166 
in the earth’s crust, 154 
Uranium-ochre, formula, etc., 102 
Uranium ores, 102, 423, 450 

Vadose springs, 135 
Valentinite, formula, etc., 101 
Vanadium, association, 167 
in the earth’s crust, 153, 254 
Veins, 68. 190, 368, 408, 467 
apatite, 271, 272, 452 
apatite-rutile, 278 < 

auriferous, 66, 314, 346* " 
barite, 212 

cassiterite, 420, 440, 446 

chambered, 68 

cinnabar, 470, 483, 486 

fjpts, 69 * ' 

gamierite and asbolanc, 191 

gash, 68 , 

iron ore^£;189, 390 

magnesite and gamierite, 66, 96, 273 
manganese, 390 
pipe, 68 

polyhedral jointing, 64 


Veins —continued 
pyrite, 310, 346 
pyroxene and magnetite, 371 
stanniferous, 409, 423, 425 
sulphide, 284, 288 ^ 

Vertical displacements, sjmgonetic deposits, 
31 

unravclment, 32 

Viola Luiea var. Calaminaria, 223 
Visierffraupen^ 427 
Vitriol ores, definition, 74 
Vivianite, 74 

Wad, formula, etc., 94 
Walls, false, 8, 38, 387 
Weathering, etc., 144, 212, 321, 424 
Willomito, origin, 131 
formula, etc., 87 
Wolfram, association, 106 
production, 449 
Wolfram deposits, 421 
occurrence, 448 
Wolfram ores, 102 
world’s production, 207 
Wolframite, fo^inla, etc., 102 
occurrence, 423, 431 ' 

price, 449 ^ * 

production, 431 ^ * 

Wolframite-quartz lodes, 448 
Wollastonito, 353 
origin, 349, 352 

Wood-tin, formula, etc., 99, 217, 411 
Workings, ol<l, indication of ore-deposits, 
225 

Xenotime, in the earth’s crust, 151 

Yttrium, association, 160, 166 
in the earth’s crust, 152 

Zeolites, 189, 273 
origin, 137 

Zimmerman’s rule, 23, 30 
Zinc, a.ssociation, 160, 162, 168, 283 
in the earth’s crust, 154, 156 
price, 208 * 

world’s production, 207 
Zinc-cadmium relation, 155, 166 
Zinc deposits, 143, 181 
metal content, 206 
metasomatic, 214 
Zinc-manganeso deposits, 394 
metal content, 395 
nature of occurrence, 394, 396 
Zinc ores, metal content, 206 
occurrence, 205 
primary and secondary, 87 
Zinc-spinel, origin, 131 
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Zincito,'lormula, etc., 87 
Zircon, 261, 276 

Zirconiuitr, in the earth’s crust, 151 
Zones, contact, 35, 141, 446 
gossan, 9, 220^ 321 

oxidation, 10, 66, 138, 144, 212, 215, 321, 
359, 399 


Zones —continued 

primary, 10, 66, 126, 214, 221, 322 
399 

secondary enrichment or cementation, 10, 
06, 124, 140, 210, 212, 215, 321, 359, 
399 

Zwitter, 409, 416 
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Aachen, lead-zinc deposits, 5 
Aamdal, copper content, 201 
Abbadia San Salvatore, quicksilver, 471 
Adirondacks, apatite • magnetite deposits, 
277 

ilmcnite oi^e, 256 
titaniforous-iron ore, 259 
Agordo, pyrite deposit, 330 
production, 332 
syjtions, 331 

‘•^Aguas TiHiklas, surface area, 320 
Ahaus, ^ironstone concfctioas, 46 
Alemtojo,«apatite, 451 
Algiers, cinnabai*, 487 
Palestro, 487 
Philippcville, 487 
Taghit, 487 

Almaderi, quicksilver deposit, 204, 475 
metal content, 204, 477 
price, 478 

production, 204, 478 
San Francisco. 476 
San Nicolas, 476 
San Pedro y San Diego, 476 
sections, 476, 477 
Alno, ilmenito deposits, 258 
Altenbcrg, tin, 425 
wolframite, 448 
Anaconda. Ste Butte 
Anatolia, chromite, 248 
Antrim, metallic iron, 342 
Arendaf irot, deposits, 376 
ore-reserves, 378 
production, 197, 378 

Argel^ze - Gazost, primary depth - zones, 
211 

Argentine, wolframite, 448 
Arizona, copper deposits, 396 
cementation zone, 216 
geological map, 397 
oxidation ores, 216 
secondary depth-zones, 214 
Asia Minor, quicksilver deposits, 486 
Kara Boumu. 486 


Asia Minor —continued 
Koniah, 486 
production, 480 

Associated Northern Blocks, ground plan, 64 
Atacama, atacamitc, 219 
Atvidaberg, copper deposits, 340 
copper-silver relation, 163 
Australia, cassiterite deposits, 444 
chromite, 249 
copper ore reserves, 200 
gold ore, 202 
Greenbushes, 446 
Horberton, 446 
molybdenum ore, 450 
Mount Bischoll, 444 
New South Wales, 446 
Queensland, 446 
silver deposits, 219 
'Pasmania, 444 
tin, 205 

Avalaberg, qiiicksilver deposit, 483 
Awarua, nickel-iron, 340 

Bamle, apatite, 453 
nickel-pyrrhotite, 294, 296 
Banat, chromite, 249 
geological map, 368 
iron-manganeso relation, 160 
iron ore contact-deposits, 35, 360 
Banka, tin, 205, 437 
Batu Gajah, tin, A41 
Bocchi near 'Wiragona, cinnabar, 85 
Bciern, nickel-pyrrhotite, 294 
Beira Baixa, wolframite, 448 
Belgrade, quicksilver, 483 
Borcsowsk, quicksilver, 485 
Borg^osshiibel, iron, tin, 409 ^ 

Bersbo, copper deposits, 340 
Beuthen, sulphide lead-zino deposits, 183 
Biober, nickel-cobalt relation, 1^ 

Bilbao, iron ore leserves, 197 
sidorite, oxidation, 215 
Billiton, tin, 205, 437 
Birtavarre, pyrite deposit, 30^ 
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Bissersk, platinum, 344, 345 
Bjornevand, apatite-iron ore, 266 
Black Hills, apatite, 451 
cassitorite, 447 
Bleiborg, lead-zinc ores, 44 
geologiual map, 42 
Blotberg, iron ore production, 392 
Blue Tier, tin, 446 

Boccheggiano, contact-metamorphic deposit, 
370 

irregular coarse structure, 109 
Bodenmais, pyrito deposit, 337 
genesis, 339 
production, 340 
pyrite, origin of, 173 
pyrrhotite, pyrite, chalcopyrite, sphaler¬ 
ite, galena, 339 
section, 338 

Bogoslowsk, quicksilver, 485 
Bohemia, tin, 204 
See Saxony 

Boliver Prov., Santander, Columbia, oxida¬ 
tion ores, 90 

Bolivia, oxidation ores, 217 
pacoSt mulattos, negrillos, 219 
primary depth-zones, 211 
silver, 202 
silver deposits, 218 
tin, 205 

Borneo, quicksilver, 487 
Tagora, 487 
Bosnia, chromite, 249 
quicksilver-tetrahedrite, 457 
Bossrao, pyrite deposit, 304 
Boulder North Extended, Kalgoorlie. earthy 
gold, 79 

Brazil, ilinenito, 269 
titanomagnotite, 251 

British Guiana, auriferous gravel-deposits, 
6 

Broken Hill, cementation ore, 215 
contact iron ores, 180 
geological map, 400 
oxide ores, 400 
production, 402 
sections, 401 < 

silver chloride, 219 ^ * 

silver-lead-zinc deposits, 399 
sulphide ores, 400 
Brosso, iron deposits, 373 
Bniseh, tin, 440 

Burdaly, chromite, 248 i 

Bufgstadt, Clausthal, lodc-scries, 115 
Burra-Burra, copper ores, 200 
oxidation ores, 216 
Butte, cementation zone, 215, 216 
copper content, 201 
copper-silver relation, 163 
ore-reservdij, 199 


continued 

secondary depth-zones, 214 
silver-manganese relation, 16^ « 

Cabezas del Pasto, copper content, 324 
Cacaria, tin, 447 * 

C)alaginovra, iron deposits, 370 
Calamita, iron deposits, 370 
California, quicksilver deposits, 464 
California mine, 466 
Clear Lake, 464 
general map, 465 
Groat Eastern, 466 
Great Western, 406 
Knoxville, 464 
market conditions, 468 
Now Almaden, 466 
Now Idria, 467 
Oat Hill, 465 
production, 468 
Redington, 465 
sections, 466, 467 
Steamboat Springs, 464, 467 
Sulphur Bank, 464 

Campiglia Marittima, Tuscany, stanniferous 
contact-dftposits, 409 
genesis, 411, « 

metal content, 410 
sections, 410, 411 • 

Canada, chromite, 249 
ilmenite, 259 
millcnte, 283 
molybdenum ore, 450 
nickel, 205 

nickel-cobalt relation, 162 
nickel-pyrrhotitc deposits, 281 
nickel-yiyrrhotitc, gold-silver relation, 165 
pcntlandite, 282 
Capalbio, quicksilver, 474 
Capobianco, iron deposits, 370 
('aridad near AznalcoUar, copper content, 
324 

Castellaccio di Capita, quicksilver, 474 
Cava del Fumacchio, limonite, cassitorite, 
409 

Ccclavin, apatite. 461 
Cerro de Pasco, quicksilver, 470 t 
ChanarciUo, cementation zone, 215 
chlorine, bromine, iodine, 219 
Changkat Parit, tin, 441 
Chessy, near Lyon, pyrito deposit, 327 
geological map, 329 
oxidation ores, 210 
Chili, copper ore reserves, 200 
magmatic gold, 34G 
secondary depth-zones, 214 
silver deposits, 218 
China, quicksilver, 486 
Kwei Chan, 486 
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China —cdkiinued 
Toon Yon, 486 
Wan Sham Chang, 486 
Chonta, quicksilver, 470 
Christiania, contact-deposits, 177, 354 
iron-manganese delation, 160 
magmatic copper, 346 
Cioux, tin, 430 

Clauslhal, flucan, 107 * 

Burgstadt lode-series, 116 
old load-bilv^r-zinc lodes, 187 
primary depth-zones, 210 
silver-gold relation, 164 
Clear Lake, quicksilver, 464 
Coalhoso, tin, 430 
Cobalt, hydrochcmical filling, 96 
Coleman district, nickel. 205 
silver, bismuth, cobalt,^ 169 
Comstock, gold, 202 
silver, 202 

silver-gold relation, 165, 184 
Cornacchino, quicksilver, 472 
Cornwall, copper ore reserves, 200 
copper and tin, 167 
denth-zones, 209 

t Dolcoatli,* Cam Brea, Tiflcroft, 
Kitchen, 436 ^ ^ 

elvans, 4^3 
geological map', 432 
greisen formation, 176 
killas, 431 
longitudinal section, Dolcoath, 435 
oxidation ores, 216 
jiroduction of tin and copper, 436 
tin, 205 

tin-copper lodes, 210 
wolframite, 448 

Cortivecchie, quicksilver, 472 • 

Cripple Creek, gold, 202 
gold-silver relation, 165 
tellurido ores, 219 
Cziklova, iron ore, 357 

Daghardy, chromite, 248 
Dakota, apatite, 451 
cassiterite, 447 

i)alkarl|^erg, >;on ore production, 392 
Dannemora, iron ore deposit, 379, 380, 382, 
383 

genesis, 277 
geological map, 384 
ore-reserves, 197, 392 
production, 392 
Daxelricd, pyrite, 340 
DiUenburg, nickel, 205 
Dippoldiswaldo, tin, 425 
Dobschau, nickel, 205 
nickel-cobalt relation, 162 
Dognacska, iron ore, 367 


Brammon, contact iron ore, 365 
Ducktown, cementation zone, 216 
Dundret, apatite, 452 
Durango, tin, 447 
Dyrhaug, nickcl-pyrrhotite, 294 


Fablun, pyrite deposit, 314 
copper content, 20l 
copper-silver relation, 163 
iron-inangancse relation, 160 
ore-reserves, 198 
section, 314 
selenium, 160 
sUvor-gold rela^on, 165 
Faroe Islands,^ogpcv deposit, 346 
Fclsobanya, ore fragments, 223 
Fichtelgebirge, tin, 429 
Finland, copper content, 201 
Fmmossen, surface area, 393 
Fiskeijord, apatite-irou ore, 266 
Fjotland, molybdenite, 450 • 

Flaad Mine, pyrrhotitc veins in plagioclase 
crysfltils, 285, 286, 294, 296 
sections, 296 « * 

Foldal, pyrite deposit, 304 
France, tin deposits, 430 
Frankenstein, chromium, 249 • 


Earlton Leases, Mount Margaret Hiver, 
free gold, 77 

Ehronfriodersdorf, tin, 425 
Kibcnstock, tin, 425 
Eisenerz, ractasoraatic deposit, 181 
Eisenzeche lodc-senes, 32 
Ekersund-Soggendal, ilmenitc, 256 
difTcrentiation diagram of magmatic 
segregation, 251 
ilmcnile analyses, 252 
ilmenito ore, 256 
origin, 174 

Ekstromsberg, surface area, 274 
Elba, contact-deposits, 178, 369 
iron-manganese relation, 160 
iron oxides and sulphide ores, 370 
production, 372 
sections, 370 

Elgorsburg, manganese lodes, 212 
Elsie mine, plan, 292 
lOlvo, nickcl-iron, 341 
Encrucilbada, wolfram, 449 
I'iVteli mine, ground plan, 295 
jiyrrhotite veins iu xiyrrhotito-gabbro, 
285, 294, 297 

Espcdalen, nickel-pyrrhutite, 294 
E: tremadura, apatite, 451 
Etha Knob, Black Hills, Dakota, cassiterite, 
347 

Eureka, secondary depth-zones, 214 
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Franklin Furnaco, zinc-manganoae deposits, 
394 

plan and section, 395 
zincite, 88, 394 
Freiberg, corargyrito, 219 
indium-zinc relation, 163 
kink, Traugott lode, 49 
old lead-silver-zinc group, 187 
primary depth-zones, 211 
silver, 202 

silver-gold relation, 104 
silver-lead relation, 164 

Gap mine, millerite, 283 
nickel-pyrrhotite deposit, 293 
])ontlandite, 282 
Gavrilovka, quicksilver, 485 
Gellivara, apatite, 452 
apatite-iron ore, 270, 272 
composition of ore, 274 
genesis, 171, 173, 276 
ore-reserves, 197, 274, 275^ 302 
surface area, 274 
Germany, quicksilver, 483 
Kirchheimbolandcn, 483 
Lossnitz, 483 
Moschellandsborg, 483 
Neustadt, Bavaria, 483 
Potzberg, 483 
Geyer, tin, 425 
Ghmivert, pyrite deposit, 332 
Glashutte, tin, 425 

Gluckauf, near Velbert, drusy structure, 
119 

Golden Horseshoe, gold, 203 
sections, 52 
stoping plan, 55 
telluride lodes, 38 

Goldkaule, stoping plan, lead - zinc mine, 
64 

Gopeng, tin, 442 

Goroblagodatsk, iron deposit, 363 
composition of ore, 366 
contact-deposits, 363 
geological map, 364 
genesis of iron ore, 27*^ 
platinum, 343, 344, 345 « 
section, 365 
Grangosborg, 382 
genesis, 277 
iron-field, 194 
ore-reserves, 197, 392 
^oduction, 392 
section, 382 

Graslitz-Klingental, pyrite deposfts, 336 
genesis,^36, 337 
metal content, 337 
production, 337 
section, 336 


Groat Boulder Perseverance, fCalgoorlie, 
gold covering, 82 

Great Boulder Prop, gold, 203s • 

plan and bore-holes, 68 
. Great Eastern, quicksilver, 466 
! Great Western, quicksilver, 466 
I Greece, chromite, 248 
j Greenbushes, tin, 16, 446 
Greifcnstcin, tin, 425 
Grochau, chromite, 249 
Guadalcazar, quicksilver, 4lld 
Guadalupana, quicksilver, 469 
I Guanajuaro, cementation zone, 215 

Hauraki, telluride ores, 219 
Hcindalen, analyses of ore, 264 
Helena, gold ores, 346 
Herberton, tin, copper, 167, 440 
wolframite, 448 

Herdorf, Siegorland, concentric scaly struc¬ 
ture, 120 

Herrang, iron ore production, 392 
Herzgovina, chromite, 249 
! Hestmando, chromite, 246, 246 
Hirado, quic^pilver, 487 
Hogberg district, iron ore, 19 * * 

Holzappel mint, m^roscopic structurji, 124 
Horovik, quicksilver, 482 * 

Horten, copper deposits, f89 
i Huancavelica, quicksilver, 204, 470 
Huelva. See Rio Tiuto, 190 
Huitzuco, quicksilver, 469 
Hungary, quicksilver, 482 
Husaas, apatite, 453 

Iberian Peninsula, tin, 430 
Iceland, quicksilver, 487 
Idkerberg, iron ore production, 392 
Idria, quicksilver deposits, 457, 479 
classes of ore, 480 
production, 480 
quicksilver, 204 
section, 481 
Iglo, quicksilver, 482 
lldekansk, quicksilver, 485 
Ilfeld, barium, manganese, 169 ^ 

manganese lodes, 212 
Ilmenau, barium, manganese, 169 
Intan, tin, 440 
Ipanema, ilmonite, 269 
Iron Springk, iron deposits, 374 
Ivanhoo, gold, 203 
stoping plan, gold, 53 
Ivigtut, cryolite, 347, 460 
production and use, 451 

Jacupirano, ilmenite, 259 
Jalisco, tin, 447 
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Fapan^ cop^r content, 201 
copper ore reserves, 200 
Hiradb, 48t 
quicksilver, 487 
J<)lapang, tin, 441 ^ 

Johanngeorgenstadt, cerargyrite, 219 
Josephine and Jackson Co., nickel-iron, 341 
JumiUa, Spain, apatite, 347, 45^ 

Kalgoorlio, gold lodes, 38 
Kaljord, magnetfte-pyroxenite, 263 
Kamsdorf, copper-cobalt lodes, 211 
metasomatic iron deposits, 43 
Kamtsebatka, quicksilver, 485 
Kangardluarsuak, mineral association, 455 
Kara Bournu, quicksilver, 486 
Kedabek, copper ore reserves, 200 
K^raikli, chromite, 249 
KilUngdal, pyrite deposit, 304 
section of pyrite body, 309 
surface area, 308 
Kingston, apatite, 454 
Kirchheimbolanden, quicksilver, 483 
Kiirunavaara, apatite-iron ore, 270, 271,274 
composition of ore, 274 
■genesis, 173, 276 
metal content, 207 ^ • 

ovo-reservfc*«, 196, 274, 275 
surface area, 27^ 

Kitzbuhl, bedded copper lode, 40 
K]61i, pyrite deposit, 304 
Klacka-Lerbcrg, surface area, 393 
Klackberg, geological map, 384 
iron ore, 383 

Klcfva, nickol-pyrrhotitc, 297 
Kloin-Naraaqualand, bornite, 300 
Klodoberg, analyses of ore, 377 
geological map, 376 
Knoxville, quicksilver, 464 
Kolningborg, iron ore, 383 
geological map, 384 
Komraem, galena bed, 195 
•Kongsberg, cerargyrite, 219 
fahlbands, 47, 340 
old lead-silver-zinc group, 187 
silver, 202 

silver-gild relation, 164 
silver-lead relation, 164 
silver lodes, 164 

Koniah, quicksilver deposit, 486 
production, 486 
section, 486 

KoskuUs KuUe, iron ore, production, 392 
Kostainik, stibnite, 17 
Kragero, rutile in granite, 277 
Krasso-Szdr^ny. 6’ee Banat 
Kraubat, chromite, 244, 249 
Kremnitz, young gold-silver lodes, 182 
Krivoi Rog, itabirito, 112 


Kupferberg, Silesia, contact-deposits, 36 
symmetrical crusted structure, 113 
Kwei Chan, quicksilver, 486 

La Creu, quicksilver, 479 
Lake Sujierior, copper deposits, 198, 346 
copper content, 201 
coppcr-silvcr relation, 163 
genesis, 189 
native copper, 89 
oro-rcserves, 199 

Lake View mine, Kalgoorlio, free gold, 78 
Lain, pyrite, 340 

L^iigban, manganese deposits, 387, 389 
genesis, 389 
geological map, 387 
horizontal section, 388 
Langesund, apatite, 452 
Las Caberas, wolfram, 449 
Lehrbach, selenium, 166 
T^iveaniemi, apatite-iron ore, 270 
surface area, 274 
Lied, analyses of ore, 254 
Lillcfjeld, surface aro4i, 308 
Lmgen on the Kms, Umonite, 46 
Lofoten, differentiation diagram of ore, 
253 

genesis of iron ore, 173 
titanomagnctite-spinellito, 255 
Lofoten-Vestcraalen, apatite-iron ore, 266 
Logrosan, apatite, 451 
Loramc, minette, 193 
on-reserves, 197 
Los Arcos, copper ore, 45 
Los Jarales, niccolite and chromite, 299 
Lossnit'z, quicksilver, 483 
Liiderieh, gallium-zinc relation, 163 
Lundorren, nickol-pyrrhotitc, 281 
Luosavaara, apatite-iron ore, 270, 271 
ore-resorvcB, 196 
Luxembourg, minette, 193 
ore-reserves, 197 

Lyiigrot, apatite-iron ore, 261, 276 

Magnitnaia Gora, contact-deposits, 366 
composition of ote, 367 
geological ma|l, 368 
Maidanpek, contact-deposit, 359 
Makri, chromite, 248 
Malaga, nickel ores, 191 
niccolite and chromite, 299 
Malay Peninsula, tin, 437 
Banka, Billiton, 437 
Batu Gaiab, 441 
Brusoh, Mem, 440, 441 
Changl^t Parit, 441 
general map, 438, 439 
Gopeng, 442 
Intan, 440 
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Malay Peninsula —continued 
Jolapang, 441 
Negri Seinbilan, 443 
Pahang, 443 
Perak, 443 
production, 443 
Selangor, 443 
Sungei llaia, 437 
Mansfeld, copper content, 201 
copper-silver relation, 1(53 
oro-roserves, 198 
Marao Angucira, tin, 430 
Marcmma Grossotana, quicksilver, 474 
Marionberg, tin, 425 
MarvJo, apatite, 451 

Massa Maiittiina, contact - inctamorphic 
deposits, 370 

Meinkjar mine, genesis, 280, 292 
plan and section, 292 
pyrrhotito in gabbro, 292 
Melbourne, gold, 346 
Meldalcn, pyritc deposit, 304 
section of Lokken mine, 311 
Mcraker, ])yrito deposit, 304 
section in Storhusmand mine, 307 
Mertainen, apatite-iron ore, 270, 273 
genesis, 276 
surface area, 274 
Meru, tin, 441 
Mexico, quicksilver, 469 
Guadalcazar, 469 
Guadalupana, 469 
Huitzuco, 469 
Palomas, 470 
production, 470 
sUvor, 202, 218 
Miask, quicksilver, 485 
Middle Sweden, iron ore deposits, 379 
analyses of ore, 381 
classification of ore, 382 
Miores, quicksilver, 478 
Misvartal, nickcl-pyrrhotite, 294 
Mitterberg, copper ore, 72 
Modum, cobalt, 206 
nickel-cobalt relation, 162 
Molde, ilmenite, 257 • 

Monte Amiata, quicksib^ef^ 471 
Abbadia San Salvatore, 471 
Capalbio, 474 
Castellaccio di Capita, 474 
Comacchino, 471 

^Cortivecchio, 472 • 

Maremi^a Grossetana, 474 
Montebuono, 472 ^ 

Mont^Vitozzo, 472 
^SunprugAano, 472 
Srfh Martino, 474 
Selva. 472 
Selvena,*474 


Monte Amiata —continue 
Siele, 472 
Solforate, 472 
stibnite, 474 
Montebras, tin, 430 * 
amblygonite, 430, 461 
Monte Catini, bornite, 92 
sulphide <5opper ores, 300 
Monte Fumacchio, tin, 410 
Monterey, tin, 430 
Montesinhos, tin, 430 
Monte Valerio, tin, 410 
Monte Vitozzo, quicksilver, 472 
Moonta, copper content, 201 
copper ores, 200 

Moschollandsberg, quicksilver, 483 
Moss, copper deposits, 189 
Mount Bischoff, tin, 444 
oxidation ores, 217 
production, 446 

White Face, Slaughter Yard I'^acc, Brown 
Face, 445 

Mount Dcro, chromite, 249 
Mount Bun, chromite, 244 
Mues, coppgr ore, 45 • 

Mug mine, Norway, maginfttte brecciated 
structurt, • 

section, 306 * 

Murcia, apatite, 462 
Murray mine, magnetite, 283 
section, 292 

Nagyag, gold lodes, 37 
silver-manganese relation, 168 
tclliiride ores, 219 

Nagybanya, gold-silver relation, 166 
Negri Sembilan, tin, 443 
Ncrtschinsk, quicksilver, 486 
Neu-Moldava, iron ore, 367 
Ncustadt, Bavaria, quicksilver, 483 
Now Almaden, quicksilver, 466 
ore-reserves, 204 

New Caledonia, chromite, 249 ‘ 

cobalt, 206 
gamionte veins, 191 
nickel, 205 

nickel-cobalt relation, 162 ® 

Now Guinea, copper, 346 
New Idria, quicksilver, 467 
Now Jersey, manganese, 394 
New South Wales, tin, 446 
New Zealand, chromite, 244 
cinnabar, 487 
nickel-iron, 340 

Nieder-Sohland, banded structure, 112 
Nikitovka, cinnabar, 84, 485 
production, 485 
Nischno Tagilsk, iron ore, 360 
platinum, 344 
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tflBsedal^ aj^tite, 452 * 

genesis, 276 

Nonaas, ^xickM-pyrrhotite, 294 
Norberg, irou-raangancso relation, 100 
genesis, 276 
iron ore, 392 * 

surface area, 393 

Nordmarks mine, Wermland,^ geological 
map. 51 

surface area, 393 
Norrbotten, apatftc-iron ores 270 
geological map, 208 
North Carolina, corundum, 249 
Norway, apatite, 452 
apatite-iron ore, 260 
chromite 247 

genesis of nickel-pyrrhotitc deposits, 280 
•ilnienite, 250 
molybdenum ore, 450 
nickel-pyrrhotite, 281, 294-297 
ore for magnetic separation, 254 
pontlandite, 282 
pyriio deposits, 304 
Nysten mine, pyrrhotite, 294, 200 

Oat HiTl, qilkihsilver, 405 * 

Oberharz, iron deposits, ‘jm, 2^ 
ore lodes, 2, 39 

springs as indications of oro-dei>osit.s, 223 
Oberhof, brecoiuted structure, 118 
Ocaruzawa, llikuchu, native copper, 91 
Oceola mine, Michigan, crusted stractiue, 
^ 114 

Oedegaarden, apatite, 453 
Offenbanya, contact-deposit, 359 
Olokiep, bornito, 300 
Olymp, chromite, 248 
Oravioaa, iron ore, 359 
Orenso, tin, 430 
Orijarvi, copper content, 201 
Oi'sova, chromite, 249 
Oruro, cementation zone, 219 
•Ottawa, apatite, 455 

Pahang, tin, 440 
Palostro, cinnabar, 487 
Palomas, 'juicksi . er, 470 
Panasquiera, wolframite, 448 
Parada, tin, 430 
Pasco, cementation zone, 215 
Peine, iron ore, 18 
Pemita, tin, 430 
Perak, tin, 444 

Perm, copyicr ore reserves, 200 
Persberg, iron ore, 19, 386 
genesis, 276, 390 
geological map, 385 
ore-reserves, 197, 392 
production, 392 


Peru, quicksilver, 470 
Cerro do Pasco, 470 
('honta, 470 
Huancavelica, 470 
silver, 202, 218 
Yauli, 470 

Philippevillc, cinnabar, 487 
Piori’elitte, galltum-zinc relation, 163 
Fitkiiianta, assumed course of mincializa- 
tion, 407 

contact iron ores, 180 
gi'ological map, 40G 
production, 407 
tin, 405 

Plattcn, tin, 425 
Pontevedra, tin, 430 
Portalogre, apatite, 451 
Portugal, pyrite and copper production, 327 
quicksilver, 479 
tin, 430 
wolframite, 448 
Potosi, cementation zone, 215 
silver, 202 
t in lodes, 184 
Potnilas, tm, 447 
Potzberg, quicksilver, 483 
Pyrenees, secondary depth-zones, 213 

Queensland, gold, 346 
tin, 446 

wolframite, 448 

Raivberget, chromite, 245 
Rammelsberg, brown ore, 121 
copper-sdver relation, 163 
depth-zones, 213 
grey ore, 122 
section, 194 
selenium, 166 

Redington, quicksilver, 465 
Redjang kebong, quartz, chalcedony, 105 
Regaardshei, apatite, 453 
ReichensU'in, Silesia, contact-deposits, 404 
metal, 404 
production, 405 

Reisen, section of I^oskodal mine, 309 
Remez, contact-diagponte, 359 
Rezbanya, contact-deposit, 359 
Rhino slate country, deptli-zoncs, 210 
Riohmond River, gold, 346 
Riechelsdorf, cobalt, 206 
nickcbcobalt relation, 162 , 

Riffelhorn, nickel-iron, 341 ^ 

Ringcriko, eruptive fahlband, ^5 
Rio, iron o1‘e, 370 ^ 

Rio Albano, iron ore, 370 • 

Rio Tinto, analyses of ore, 323 ^ 
cementation zone, 321 
chalcopyrito, cementation zorfe, 91 
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Rio Tinto—conitnticti 
communication, 316 
copper content, 201, 324 
copper production, 327 
coppor-silvor relation, 163 
geological map of Huelva district, 317 
geological position, 318 
iron-manganeso relation, 160 
ore-reserves, 199, 200 
oxidation zone, 320 
primary depth-zones, 211, 322 
pyrite and copper production, 326 
pyrite, oxidation, 215 
secondary depth-zones, 10, 213 
section, of Domingo deposit, 322 
selenium, 166 

silver-, arsenic-, and copper content, 322, 
323 

silver-gold relation, 165 
simple filling, 108 
surface area, 320 
Riser, apatite, 453 

Rocky Mountains, silver deposits, 218 
Rodsand, composition of ore, 254 
ilrnonite, 257 

Rodtjorn mine, chromite, 248 
RomUo, tin, 430 
Romsaas, plan and section, 294 
pyrrhotite in gabbro, 286, 294 
Roros, pyrite deposit, 304 
copper content, 201 
copper-silver relation, 163 
genesis, 280, 304 
iron-manganese relation, 160 
orc-resorves, 198 

section of Quintus - Hosteklctten mine, 
309 

silver-gold relation, 165 

specimen from Kongens mine, 307, 310 

surface area, 308 

Roseland, Virginia, rutile in granite, 277 
Rostvangen, pyrite deposit, 304 
Routivare, iron ore, 258 
genesis of, 173 
surface area, 256 
titanomagnetite-spinojlite, 253 
Rowno, metallic iron, 3^2 ^ 

Ruda, Vinj&ker, nickcl-pyrrhotito, 298 
Russia, quicksilver, 485 
Beresowsk, 485 
Bogoslowsk, 485 
^arrilovka, 485 
Ildekan^ 485 
Kamtschsitka, 485 
Mlask^485 
^{airtschirftk, 485 
^Nilutovlw, 485 
ore-reserves, 200 
production, 485 


I 

• 

Sain Bel, pyrite deposit, 327 
composition of pyrite, 330 
geological map, 329 
production, 330 
Samprugnano, quicksilver, 472 
Sandford Lake, ilmenito, 259 
Sail Domingo, copper content, 324 
copper production, 327 
section, 322 
surface area, 320 
San Francisco, quicksilvcif 476 
San Martino, quicksilver, 474 
San Nicolas, quicksilver, 476 
San Pedro y San Diego, quicksilver, 
476 

Saxony, tin, 204, 425 
Altenberg, 425, 428 

Dippoldiswaldo, 425 ‘ 

Ehrenfriedersdorf, 425 

Eibonstock, 425 

geological map, 426 

Goyer, 425 

Greifenstein, 425 

Giushiitte, 425 

"gonstadt, 425 
, 425 
Flatten, iW ^ 

Schlackenwald, 425 
SeiSen, 426 

Zinnwald, 425 « 

Schauinsland, Black Forest, brocciated 
structure, 117 

Schemnitz, gold lodes, 182, 187 
Schlackenwald, tin, 425 
Schmalgraf, Aachen, concentric crusUMl 
structure, 116 
schalenblende, 88 
Schmollnitz, pyrite deposit, 333 
analyses of ore, 335 
genesis, 335 
section, 334 
Schnoeberg, nickel, 205 
nickel-cobalt relation, 162 
silvor-bismuth-cobalt relation, 169 
Sohwarzenberg, iron ore contact-deposits, 
34, 180 

Schwaz, quicksilver-lctrahodritc,tl67 
Schweina, cobalt, 25, 27, 206 
nickel-cobalt relation, 162 
Schwelni, secondary drusy structure, 122 
Seifien, tin, 426 
Selangor, tin, 443 
Selva, quicksilver, 472 
Selvona, quicksilver, 474 
Senjen, niokel-p 5 Tfrhotite, 294 
Servia, chromite, 249 
Siebenbiirgen, pyritio contact-deposit, 36 
Siegorland, nickel-cobalt relation, 162 
primary depth-zones, 211, 212 


Johanngooi 

Marienborg 
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Siegerland^conttnti«<i 
secondary coarse intergrowth, 110 
secondary^depth zones, 213 
Side, quicksilver, 472 
Sierra Nevada, silv^ deposits, 219 
^Iberborg, chromite, 249 
Skj&kordalen, nickol-pyrrhotito, 294 
Skottgrufve, iron ore productiqp, 392 
surface area, 393 
Skreia, contact iron ore, 355 
Skyros, chromiti, 249 
Sraorten apatite-iron ore, 266, 267 
Snarura, apatite, 452 
Soggendal, iron ore, 1 
Sohland, nickel-pyrrhotite, 281, 299 
genesis, 286 
peutlandito, 282 

Solberg, apatite-iron ore, 261, 266, 270 
zircon enrichment, 261, 276 
Solforate, quicksilver, 472 
Solnor, analyses of ore, 254 
titanomagnotite-spmellitc, 253 
Sondhordland, pyrite deposit, 304 
Spain, pyrite and copper production, 320 
tin,^30 

Springs, C^Jgtfur River, auriilrous copx>er 
ores, 403 ✓ ^ 

Stahlberg^ {ault illustrating^ lateral dis¬ 
placement, 7* 

Stallbe^ig, iron ore, 383 
geological map, 385 
surface area, 393 

Steamboat Springs, quicksilver, 464, 467 
Steiermark, chromite, 249 
Sterling Hill, zinc-manganese deposits, 394 
St. Andreasberg, depth-zones, 210 
old lead-silver-zino lodes, 187 
silver-lead relation, 164 
silver lodes, 164 

St. Blasien, nickel-pyrrhotite, 286, 298 
genesis, 298 

St. Olaf lode, lode deflection, 49 
• St. Stephan, nickol-pyrrhotito, 293 
‘ Storgang,* ilmenito, 255 
surface area, 256 
Straits Settlements, tin, 205 
See Ma^y Peninsula 
Striberg, Tonslen, 276, 382 
genesis, 276 

iron-manganoso relation, 160 
iron or© production, 392 
ore-reserves, 197, 392 
surface area, 393 
Stripa, iron ore production, 392 
surface area, 393 
Strossa, iron ore production, 392 
surface ar^, 393 

Sudbury, nickel-pyrrhotite deposits, 289 
diagT%nmatio section, 291 


Sudbury —continued 
genesis, 280, 286 
geological map, 290 
primary depth-zones, 211 
Sulitjelma, pyrite deposit, 304 
copper content, 201 
copper-silver relation, 163 
section, 310 
silver-gold relation, 165 
surface area, 308 
Sulphur Bank, quicksilver, 464 
Sungei Raia, tin, 437 
Svappavaara, apatite-iron ore, 270 
genesis, 171 
ore-reserves, 197 
surface area, 274 
Svartvik, iron ore, 386 
surface area, 393 
Swaziland, cassiteritc, 448 
Sweden, apatite-iron ore, 270 
ilmenito, 257 
iron ore production, 302 
nickel-pyrrhotite, 285, 297 
pig-iron production, 392 
pyrite deposit, 314 

Sydvaranger, apatite-iron ore, 204, 265, 266 
geological map, 263 
Szaska, iron ore, 357 

Taberg, iron ore, 1, 257 
surface area, 256 

Taberg, Wermland, surface area, 393 
Taghit, cinnabar, 487 
Tagora, quicksilver, 487 
Tarnowitz, sulphide lead-zinc deposits, 183 
Tasmania, tin, 444 
Telemarkcn, groisen formation, 176 
Terlingua, quicksilver, 469 
Torrancra, iron ore, 370 
Tescaltiche, tin, 447 
Tharsis, copper production, 327 
Thessaly, chromite, 248 
Ticbaghi, chromite, 249 
Tilkerodo, allopalladium, 342 
selenium, 166 

Toon Yen, quieksiycr, 486 
Transvaal, cass/terjte, 448 
Traversella, iron ore, 373 
Trondhjem, pyrite deposit, 304 
Tschiaturi, manganese ore reserves, 198 
Tuollavaara, ajiatito-iron ore, 270 
iron Cre, 392 
Turkey, chromite, 249 

i 

Uifak, nickeliferous iron, 341 
United States, cassiteritc, 447 ^ 
chromite, 249 
gold, 202 
iron ore, 373 
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United States —continued 
quicksilver production, 468 
Unterried, pyrite, 340 
Urals, the, cementation zone, 215 
chromite, 249 
copper, 200 

contact-deposits, 176, 180, 360 
geological maps, 361, 36^, 364 
oxidation ores, 216 
platinum, 342, 344 
platinum production, 345 
secondary depth-zones, 214 

^ Vallalta Sagron, quicksilver, 474 
Valle Seixo, tin, 430 
Varaldso mine, section, 305 
Varallo, nickel-pyrrhotito, 281, 298 
genesis, 286 
Varnfis, chromite, 246 
Vasko, iron oro, 357 
Vaulry, tin, 430 
Vegetable Creek, tin, 446 
Velbert, ore lodes, 88 
Verin, tin, 430 
Veta Grande, silver, 202 
Vigsnas, pyrito deposit, 304 
Villa-de-Fradcs, iron oro, 373 


Vifleder, La, tin, 430 

Wallaroo, copper ores, 200 • * 

Wan Shan Chang, quicksilver, 486 
Weimar, Cassol, metalline iron, 342 
Western Australia, toUurido ores, 219 
Westphalia, classification of springs, 137 
clay ironstone concretions, 45 
WitwatCrsraud, cementation gold, 220 
gold, 203 

pyritic band, 3 ^ 

•Wyssokaia-Gora, iron ore, 360 
genesis, 277 

Yauli, quicksilver, 470 
Ytterd, pynte deposit, 304 

Zacatecas, remeutation zone, 215 
Zarza, apatite, 451 
Zarzala Major, apatite, 451 
i Zicgenhals, ore fragments, 223 
j Zinnwald, coarse intergrowth, 110 
j tin gravels, 4 

I wolframite, 448 

j Zips, quicksilver-tetrahedrite, 457 
I Zorge, soleniifra, 166 • 

I Zululand, cop^‘r deposit, 346 
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